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1. INTRODUCTION

The purpose of this report is to provide a users manual and make compara-
tive runs to verify a computer program called AERODSN. This report includes
a step by step procedure for input and run instructions, a description of
each output section and comparative plots to verify normal force and pitching
moment coefficients. The program is a design tool for preliminary design
phase of missile development programs. The current version is an update of
AERODSN described in Reference 1. Changes in the program include referencing
all coefficients to the reference area (input by the user), and changing
the input format to free field read for convenience. The major portion of
this program is concerned with the aerodynamics associated with adding wings
and tails or both to a body of revolution. A limited amount of experimental
body alone data is included for simple configurations (ogive cylinder or
cone cylinder); however, body alone tabular data (CNA,Xcp) can be input. A
conical boattail segment can be included if desired. Runs from AERODSN were
compared with experimental data to establish a range of applicability. Data
base configurations such as ADVINT, HIALFA, DCATFL and COPHED were used for
comparison.

II. PROGRAm DESCRIPTION

The program was written to be used in preliminary design of typical
missile shapes. Its primary function is to calculate the aerodynamics of
wings or tails or both added to a cylindrical-shaped body using a combina-
tion of theoretical and imperical data. A limited amount of body alone
data (cone cylinder and ogive cylinder) are included as an option; however,
the body alone data can be input if desired. The roll orientation is
assumed to be a plus configuration or zero roll. Wings and tails must be
inline. Dynamic stability derivatives (damping) are calculated at zero
angle of attack and zero control deflection. Angle of attack data is out-
put corresponding to the values of alpha input. Table 1 summarizes the
applicable ranges of independent variables. A description of each subroutine
can be found in Reference 1. A listing of the program is presented in
Appendix A.

III. INPUT

The following tables describe each record input. Table 2 is the
general input format. Table 3 is a sample input file for a specific missile
configuration.

IV. RUN INSTRUCTIONS

Two steps are required to run AERODSN on the MICOM Interdata 8/32
Computer. These steps are: (1) Develop and input file and, (2) Run the
program using the CSS procedure AERODSN (already established on the system).

A. STEP 1 - Referring to the Input section, develop an input file
using the edit mode. Inputs are separated by blanks

or commas (free field read). Save the file by typing

"SAVE filename". Exit the edit mode by typing "END".
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TABLE 1, APPLICABLE RANGE OF INDEPENDENT VARIABLES

M~ACH NUMBER 0.0 TO 4.0

ANGLE OF ATTACK 0 TO 20 D6..

ROLL ANGLE 0.0 DEG.

CONFIGURATIONS BODY,BODY TAIL

BODY WING,BODY WING TAiL

SIvEEP ANGLE NO FORWARD SWEPT WINGS.

FIN TAPER RATIO 0I

ASPECT RATIO CONSISTANT WITH SLENDER BODY THEORY



TABLE 2. GENERAL INPUT FORMAT AND DEFINITION OF INPUTS

ALL GEOMETERIC VARIABLES AIUST hAVE THE SAME SYSTEM OF UN ITS.

1.6., CALIBERS, INCHES, ETC. ALL ARE DIVIDED BY DREF WITHIN

THE PROGRAM. THE PROGRAM WORKS IN CALIBERS.

A CALIBER IS DEFINED AS 1 REFERENCE DIAMETER.

INPUT BODY CENTER OF PRESSURE (POSITIVE AFT OF NOSE) - (CAL)

PROGRAM USES BRITISH DATA SHEETS FOR BASIC WING LIFT AND XCP.

PROGRAM USES SLENDER BODY THEORY (NACA 1307) FOR WING-BODY

AND WING-TAIL INTERFERENCE.

. . ...................................

ALL INPUTS ARE FREE FIELD. INPUTS CAN BE SEPARATED BY A COMMA,

ONE OR MORE BLANKS, OR BY A SLASH (I).

ALL VARIABLES IN AN INPUT LINE MUST HAVE A VALUE TO READ,

I.E., 0. FREE FIELD READ WILL NOT INTERPRET BLANKS AS ZERO'S.

........................................... INPUT 1

TITLE CARD (1-80 CHARACTERS)

.......................................... INPUT 2

NWPOS = I INPUT XWING AS STATION OF WING LEADING EDGE

, 2 PROGRAM WILL MOVE WING 1/4 CHORD TO WING HINGE LINE

" 3 PROGRAM WILL MOV4 WING 112 CHORD TO WING HINGE LINE
4 INPUT XWING AS STATION OF WING TRAILING EDGE

NTPOS 1 1 INPUT XTAIL AS STATION OF TAIL LEADING EDGE

2 PROGRAM WILL MOVE TAIL 1/4 CHORD TO TAIL HINGE LINE

3 PROGRAM WILL MOVE TAIL 1/2 CHORD TO TAIL HINGE LINE

, 4 INPUT XTAIL AS STATION OF TAIL TRAILING EDGE

5



TABLE 2. GENERAL INPUT FORMAT AND DEFINITION OF INPUTS (Cont'd).

MCDVT c1 NO EFFECT.

=2 USE MACA REPT. 1253 (MCDEVITT) FOR FIN ALONE CLA.

GOOD FOR RECTANGULAR FINS ONLY.

GOOD FOR MACH NUMBERS BELOW 1.1 ONLY.

NOUT =1 TRIM OUTPUT ONLY.

= 2 ALPHA OUTPUT ONLY.

z 3 TRIM AND ALPHA OUTPUT.

NRUN 2 INITIAL RUN NUMBER. - 1 TO 4 DIGITS.

NDBASE = 1 NO EFFECT.

= 2 OUTPUT DATA BASE FILE.

.............................................. INPUT 3

NOSE z 1 OGIVE NOSE

= 2 CONICAL NOSE

XLN =NOSE LENGTH

XL =TOTAL LENGTH

............................................... INPUT 4I

RBW RADIUS OF BODY AT WING

RB? a RADIUS OF BODY AT TAIL

DREF = REFERENCE LENGTH

AREF a REFERENCE AREA

DREFFT REFERENCE LENGTH - FT.

AREFFT vREFERENCE AREA IN SQ. FT.

YI! TRANSVERSE MOMENT OF INERTIA -SLUG-FT2.
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TABLE 2. GENERAL INPUT FORMAT AND DEFINITION OF INPUTS (Cont'd).

.................................... INPUT 5

NbODY NUMBEH OF POINTS FOR BODY ALONE CNACY AND XCPCY

(IF NBODY=O, OMIT IMPUTS b. PROGRAM WILL COMPUTE SLOPE DATA.

..................................... INPUTS 6

TMACH = TABLE OF MACH NUMBERS FOR CNACY AND XCPCY

TCNACY = TABLE OF BODY ALONE NORMAL FORCE COEFF SLOPES (BASED ON

BODY CROSS SECTIONAL REFERENCE AREA) - 1/RAD

TXCPCY = TABLE OF BODY ALONE CENTER OF PRESSURE - CAL FROM NOSE

....................................... INPUT 7

NBTL=O PROGRAM WILL NOT ADD BOATTAIL CNA AND XCP.

" PROGRAM USES BOATTAL CARDS TO CALCULATE BOATTAIL EFECTS

DBOD DIAMETER RATIO (BOATTAIL/CYLINDER)

XLBOD RATIO (BOATTAIL LENGTH/CYLINDER DIAMETER)

................................... INPUT 8

NMF = NUMBER OF POINTS FOR XCG VS MACH NUMBER

...... .......................... INPUTS 9

TMF a TABLE OF MACH NUMBERS FOR XCG

TXCG a TABLE OF CENTER OF GRAVITY - CALIBERS FROM NOSE.

TWEIGH z TABLE OF WEIGHT - LBS.

. .............. ........................... INPUT 10
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TABLE 2. GENERAL [NPUT FORMAT AND DEFINITION OF INPUTS (Concluded).

NFMA NUMBER OF FREE STREAM MACH NUMBERS

...................................... INPUTS 11

TFMA = TABLE OF FREE STREAM MACH NUMBERS

TALT = ALTITUDE FOR EACH MACH NO. - FT AbOVE SEA LEVEL

TRE = REYNOLDS NUMBER FOR EACH MACH NO. - MILLIONS/FT.

NOTE: PROGRAM MULTIPLIES TRE BY 1 MILLION TO GET RE.

................................ INPUTS 12-26

TBOW = TABLE UF WING EXPOSED SEMi-SPANS(LOAD 0. 1F NO 'AING)

TCRW = TABLE OF WING ROOT CHORDS

TTRW = TABLE OF WING TAPER RATIOS(CT/CR)

TSWTEW = TABLE OF wING TRAILING EDGE SWEEP ANGLES(DEG)

TXWING = TABLE OF WING STATIONS (MEASURED FROM NOSE) (SEE NWPOS)

,INGW = TABLE OF WING HINGE LINES

TBOT =TABLE OF TAIL EXPOSED SEMI-SPANS(LOAD 0. IF NO TAIL)

TCRT = TABLE OF TAIL ROOT CHORDS

TTRT = TABLE OF TAIL TAPER RATIOS (CT/CR)

TSWTET = TABLE OF TAIL TRAILING EDGE SWEEP ANGLES (DEG)

TXTA1L = TABLE OF TAIL POSITIONS (MEASURED FROM NOSE)

THINGT = TABLE OF TAIL HINGE LINES

= . (PROGRAM SETS HINGT=1/4 MEAN AERODYNAMIC CHORD)

TDELT = TABLE OF TAIL DEFLECTIONS - DEG.

TDELW = TABLE OF WING DEFLECTIONS - DEG.

TALP a TABLE OF ANGLES OF ATTACK - DEG.
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TABLE 3. SAMPLE INPUT FILE FOR AERODSN

1 SAMPLE INPUT FILE: BODY-WING-TAlL.

2. 1 1 1 j 1 1
3. 1 7.47J 47.00o
4. 3. 3. 6.0 26.27 .50 .19o3 1
5. b
6. .5 5.197 3.014
i. .b 3.059 3.154
8. .95 3.248 3.317
9, . 3.151 2.431

10. 1.5 3.145 1.97811. 1.8 3.006 1.742

12. 0 1.0 0.0
13. 2
14. 0.0 4.544 1.0

15. 1.0 4.544 1.0
16. 2
17. .5 0.0 3.592
18. 1.8 0.0 12.933
19. 7.149
20. 3.051
21. 1.0
22. 20.0
23. 32.32
24. 0.0
25. 5.974
26. 3.051
27. 1.0
26. 20.0
29. 41.226
30. 42.582
31. 0.
32. 0.0

33. -5 -2 0.0 2 4 6 8 10 12 14 16 18 20

9



B. STEP 2 - To run the program typ, "AERODSN" and press "RETURN".
Wait for instructions to appear and enter the name of
the data file. When the program has finished running
an "*" will appear on the screen.

V. OIT'JT

The output consists of five major groups:

GEOMETRIC VARIABLES

FLIGHT CONDITIONS

ZERO ANGLE OF ATTACK DATA (SLOPES)

TRIM POINT

ANGLE OF ATTACK SWEEP

. esented in ale 4 are definitions of each output variable calculated
within each output group. Table S illustrates a sample output.

The group GEO ETRIC VARIABLES is divided into three components which
are body, wing and tail. The corresponding geometric values are listed in
column form with the appropriate symbol an . definition. Printed under
FLIGHT CONDITIONS are Mfach number, Lenter of gravity location (calibers
from the nose), altitude (ASL) in feet and Reynolds number (per ft.). These
values are taken directly from the input file. The 7ERO ANGLE OF ATTACK
DATA (SLOPES) group is divided into body, wing, tail and total configura-
tion values. Each aerodynamic coefficient slope is evaluated at zero angle
of attack and is listed in column form corresponding to the missile component.
Aerodynamic coefficients are calculated for individual angles of attack in
the ANGLE OF ATTACK SWEEP group.

'. PROCRAM VAT I PATTON

Comparisons are made to establish the range of validity. Configura-
tions taken from the AERODYNAMIC DATA BASE such as ADVINT, HIALFA, DCATFL,
and COPHED were used. Normal force and pitching moment coefficients were
generated by AERODSN and plotted against wind tunnel data for comparison.

Detailed geometric description of each missile configuration tested
is included with the plots. The Mach numbers range from 0.2 to 4.0.
Angle of attack ranges from -5 to 25 degrees. Angles of attack greater
than 25 degrees are included in this report; however, user discretion is
advised. Missile configurations include body, body-tail, body-wing and
body-wing-tail.

Figures 1 and 2 describe the geometry of ADVINT. Figures 3-26 show
comparison between ADVINT wind tunnel data and AERODSN. Normal force and
pitching moment coefficients are shown at Mach numbers of 1.95, 3.01 and
4.02. Body, body-tail, body-wing and body-wing-tail configurations are
compared. Run numbers beginning with A are ADVINT wind tunnel data and
runs beginning with G are AERODSN runs.

10
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TABLE 4. DEFINITION OF OUTPUT

FLIGHT CONDITIONS

FIMACH FREE STREAM MACH NUMBER.

LOCATION OF C6NTER OF GRAVITY (CALIBERS FkOM NOSE).

WEIGHT WEIGHT (LBS.).

ALT ALTITUDE ABOVE SEALEVEL (FT.).

RE REYNOLDS NUMBER X lOE6. (PER FT)

ZERO ANGLE OF ATTACK DATA (SLOPES)

BKUP UPWASH; RATIO OF LIFT UN WINGS IN PRESENCE OF BODY TO LIFT

OF WING ALONE.

BKCC CARRYOVER; RATIO OF LIFT ON BODY DUE TO WING TO LIFT OF

WING ALONE.

CLA LIFT COEFFICIENT OF TAIL OR WINGBASED ON RESPECTIVE FIN AREAS.

(1/RAD).

CPF CENTER OF PRESSURE OF WING OR TAIL MEASURED FROM ROOT

CHORD LEADING EDGE.

CNA LIFT COEFFICIENT SLOPE OF COMPONENTS BASED ON AREF (1/RAD).

XCP COMPONENT CENTER OF PRESSURE DIVIDED BY DREF.

MEASURED FROM NOSE.

CMACG PITCHING MOMENT COEFFICIENT ABOUT CG BASED ON AREF AND

DREF.

CMQ PITCH DAMPING COEFFICIENT SLOPE (ABOUT C.G.) DUE TO PITCH RATE, BASED

ON AREF AND DREF (/RAD).

13
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TABLE 4. DEFINITION OF OUTPUT (Cont'd)

CL? ROLL DAMPING COEFFICIENT SLOPE BASED ON AREF AND DREF.

(1/HAD).

CLD ROLL MOMENT COEFFICIENT SLOPE (4 FINS OR 4 WINGS DEFLECTED),

BASED ON AREF AND DREF (1/HAD).

CHA HINGE MOMENT COEFFICIENT SLOPE DUE TO ANGLE OF ATTACK,

BASED ON AREF AND DREF (W/RAD).

CHD HINGE MOMENT CCEFFlCIENT SLOPE DUE TO CONTROL DEFLECTION,

(FOR ALL MOVEABLE FINS),BASED ON AREF AND DREF (i/RAD).

CND NORMAL FORCE COEFFICIENT SLOPE DUE TO CONTHOL DEFLECTION,

BASED ON AREF (1/kAD).

CMDCG PITCHING MOMENT COEFFICIENT SLOPE ABOUT CG DUE TO

CONTROL DEFLECTIONS (1/RAD).

SIGMA PITCH OSCILLATION NATURAL FREQUENCY (CYCLES/.EC).

TRIM POINT

ALPHA TRIM ANGLE OF ATTACK (DEG).

DELW WING DEFLECTION (DEG).

DELT TAIL DEFLECTION (DEG).

CN TOTAL NORMAL FORCE COEFFICIENT (NF/W AREF).

XCP LOCATION OF CENTER OF PRESSURE ( FROM NOSE) XCP/DREF.

CMCG TOTAL PITCHING MOMENT COEFFICIENT ABOUT C.G. (PM/QOAREF*DREF)

HMW HINGE MOMENT COEFFICIENT OF WING HMW/(Q*AREF#DREF).

HMT HINGE MOMENT COEFFICIENT OF TAIL HMT(/Q#AREFODREF).

GLOAD LATERAL MANEUVERABILITY (G'S)

14



TABLE 4. DEFINITION OF OUTPUT (Concluded)

ANGLE OF ATTACK SWEEP

ALPHA ANGLE OF ATTACK (DEG).

CN TOTAL NORMAL FORCE CUEFFICIENT NF/(Q*AREF).

XC? LOCATION OF XCP ( FORM NOSE) XCP/DREF

CMCG TOTAL PITCHING MOMENT COEFFICIENT ABOUT C.G. PM/(Q*AREF*DREF)

CHW HINGE MOMENT COEFFICIENT OF WING HMW/(QOAREF*DREF).

ChT HINGE MOMENT COEFFICIENT OF TAIL HMT/(Q'AREF*DhEF).

CNB BODY NORMAL FORCE COEFFICIENT NFB/(Q'AREF)

XCPB LOCATION OF BODY XCP ( FROM NOSE,XCPB/DREF).

CNW NORMAL FORCE COEFFICIENT OF WING PLUS-BODY INTERFEHENCE

NFW/(Q*AREF).

XCPW LOCATION OF WING XCP ( FROM NOSE) XCPW/DREF.

CNT NORMAL FORCE COEFFICIENT OF TAIL PLUS BODY TAIL INTERFERENCE

NFTI(Q*DREF).

XCT LOCATION OF TAIL XC? ( FROM NOSE) XCPT/DREF.

CNTV NORMAL FORCE COEFFICIENT ON TAIL DUE TO WING VORTICES.

15
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Figure 27 describes the Copperhead geometry. Figures 28-33 show
normal force and pitching moment coefficient generated by AERODSN compared
to that of Copperhead wind tunnel data. The Mach numbers tested are 0.5,
0.8 and 0.95 for the body-wing-tail configuration. Runs beginning with C
are Copperhead wind tunnel data and runs beginning with T are AERODSN runs.

Figures 34-36 describe the geometry of the missile shape used for
high angle of attack comparison. Nose 1, afterbody 1 and tail 11 were used.
Alpha ranges from 25-45 degrees at Mach numbers of 2.0, 2.5 and 3.01.
Runs beginning with "B" are HIALFA wind tunnel data and runs beginning with
"0" are AERODSN runs. Figures 37-42 show normal force and pitching moment
coefficient comparison.

Figures 43-44 describe the geometry for the body tail configuration
used in this comparison. Figures 46-56 show normal force and pitching
moment comparison at Mach numbers of 0.2 to 1.0. Angle of attack ranges
from -6.0 to 6.0. Runs beginning with "A" are DCATFL wind tunnel data and
runs beginning with "E" are AERODSN runs.

VII. SUMMARY AND CONCLUSIONS

The preliminary design computer program "AERODSN" has been evaluated
for accuracy and range of applicability. A description of the inputs and
outputs, as well as run instructions for running the program on MICON's
Interdata 8/32 computer, is included. "AERODSN" was tested at Mach numbers
from 0.0 to 4.0. All configurations were tested with an angle of attack
range from 0.0 to 20.0 degrees with the exception of one tested from 25.0
to 45.0 degrees. Roll orientations are zero for all cases. Body, body-wing,
body-tail and body-wing-tail configurations were tested through the alpha
and Mach ranges indicated based on the comparative analysis. The following
conclusions are drawn:

A. The applicable Mach range is from 0 to 4.

B. Tn general, good results were obtained in CN and CM at angles of
attack up to 20 deg alpha. In some cases, where configurations depart
from the missile shapes applicable for this program, comparisons are not
good for angles of attack greater than 5 deg.

C. "AERODSN" is applicable for configurations with roll orientations
of zero only.

D. "AERODSN" is an acceptable preliminary design tool for obtaining
a quick aerodynamic profile for missile shapes described in this report.

16

. . . . . . .. . .. ... .L . . - .. .



RiFERENC&S

1. Washington, William D., Computer Program fr Estimating Sabity
Deriaiv s jof Misile Configurations, US Army Missile Command, Redstone
Arsenal, Alabama, 1976 Technical Report RD-7b-25.

2. Royal Aeronautical Society, "Wings," A Data Sheets, Vol. 11,
S.01.03.03, S.01.03.06, and S.08.01.02, May 1954.

3. Gafarian, A.F., and Phillips, W.L., Th e rn Lit -al Centers oL

Pressure f Rectangular AI Clped la Eins in Comnaio Y= nm
Lin rij a Bodies, US Naval Ordnance Test Station, China Lake,

California, 1963, Report No. TM-966.

4. McDevitt, John B., A Carrelatinn U Ty Rules

af E.erimenta Detrmin Characoteristies DI a Serieso f1 Smmetrinal

and Cambered W ings R.f RLaugul a.an .f, National Advisory Committee
for Aeronautics, Washington, D.C., 1955, NACA Report 1253.

5. Pitts, William C., Nielson, Jack N., and Dattari, George E., Lift -nd

Cete Qf Press~rp DI Combinations AL Susi Traogonin.,
and rsonic j, National Advisory committee for Aeronautics,
Washington, D.C., 1959, NACA Report 1307.

6. Adams, Gaynor J. and Dugan, Duane W., Td rDQJ.Iin Rol ld

Rlling Moen PU Ig Di fferen tia 1 kgIni~daence~ f=~ Slende~r Cruniform
Wings and kin-B.. Combinations, National Advisory Committee for
Aeronautics, Washington, D.C., 1950 NACA Report 1088.

7. Spring, Donald J., IM Effect 2L Nose n Ad Afterbody Length
Normal Force and Neutral Point Lnjagz DI Axisvmmetric kodies AI &I
Nuers fr=m Q.1 Ig L.a, US Army Missile Command, Redstone Arsenal,
Alabama, 1964, Report No. RF-TR-64-13.

8. Washington, William D. and Pettis, Wiley, Jr., Boaai Effets on

Static S at Small A Qf Attack, US Army Missile Command,
Redstone Arsenal, Alabama, 1968, Report No. RD-TM-68-5.

17



lll~www - - -, -- -. -- - 7-7

Nl

Ul0

Ul co

Z: Ul

-41-

ru,

6-4

0 CD0

o)" -

00+

V1



- - - - -

W4-

04-J

0. co

00

CL.

zc]c

19a



0.

If)

C.)

XG 0

C4

CD

-z N
CD -4 C

IL

L) -4 . - -

C.) cq V)S)

V) Q)

020



0

CD.
MNN

IL1

w!

In

QV.

N Io.-,

- Ij.I

O a na 0'221



iL

- - .- - --

M. al.C

Q I

Mw

1-4-

V4 4

WC,

22 u

* - - - - - - -2



X: IN

ILIZw

0+0

* i

23S



w

0 1

:at

z L
oil,.

CD

Z- w

0-4-

o

0+

5-424



N

CD.

U. °

•I-n- * w

CD -)

* -. , , , , -. T , ,

MM 
4D

I.-

u vL

2.-0+

22



- - - - - - - - I,
N

w

(V
'3w

-A
II

-- in *~
-4

'Z

tfl V...-
w

-4

I-, * z
-I m

-~

4z

- - - - li~ F

*Y.

~ Ia~
LL~

o

I.-.
Z -4

- - - -
I.-

b.4 -4

LL~

00~
C-)

- - mm - - - mm - - In
Z'-~ U~ ~ Ia~ ~ IA Q If) ~IA~ If)
~ -4. . S S S S * S S S U U 0

'U r~) t~) N N .~ @00 s-a

ft.z
Cn U

26



-46 L -1 1

iw 1'J

I'

"Ood

p.-qr
Z b

CD,
- Q

U.

I I I ! I I I I !

ILI

Z.:

0+

27

. . .. . ..I,',.,-° : . .. . . ,',. .. . ...



(N

.N

w

_j Z7

0 i

.I

IIIL

0+
0L

280



IL

N ccCD.

CD F-

ZCD

ze® It)

m
PO

. *,

... - 0 / . .. . . L . .

zj*

,%--+

L29



N
w
0 1

z N..

LO 0

-j
T al

*4

0 0D

<r
-$-4

LL. 3

-0

0

300



MON.,

w

C! j

Z(1

10 - -- 1

MI 0

EU.E

z.

CDC

0*

V) C

i- 0+

31S



CD

03 -j

a-
Dw
Li.

0 -4 -- -- -

IA

CD

-0~~~0 W 0 0 C D'

* -- - - - - - - - -2



N

hr.

-P-

t2: CD

M 0)
LXID b c

00

OD .V,

0+0

La33



c('4

C:

- - - - -

TrN

ITI

* 34



c~ca

c'cc

VEV

C
00

LL.4

* 4Z

0 +

1035



-~ ~~ -- -X

N k.
ww

0)

Q CD LL

XaLa

z.z

z 0i
0 C

LL3

>- 0+
(P

~ r%. - - - - - -- 36



000

x N

L)U

CD-

'.t

In .4

0 C'D

000

33

Li.J

i.

+ 

Ic

* 37



CL

Q00

-CD4

CLI

L)0

38 - -



- 0 j

I-

C

. ,

-4

..0DL

I~IL

ICC

>* 0+

393

ZO



N0

In.

z i
ck: 00

-al4

00

_. x

IV L

04



CO

N 4

0

Q >J
C

C4 w

A j - - - -

L)i

MAII

X4

00

r 3c

)-0+

- -41



zzz

0
(r

I', ~z
('1 1 H

1ClII

LJ

1-

U _0

(~)42



0Y

IMI

4z-

- aa
0

4z Ni

0+0

434



-~. - --

0 OD

- - --- - -

6.0 V)
LL-
za

CS

o+o

44C



FTI1

C• w

a bo

00

CD

a

-I- --- - -[

in4

U. .

L L I

woh

z-

45

--- -- - - -/



0

'4

4.J

In

ul1

- A- - L -

C.)

464



- _ - - . .... . . .

t.

caa

47

* °
. 0

.

-o+

t1J
-. .. . .- . - "- - - .+,



FF I I I

Qc

"4j

IxI

U..

IDi

0 . 0

0 +

* 48



LI d

AF I'RBOI)Y d
(:ONF1(;URATION (in.)

Al 3.75 7,00
A2 3.7S 7.50
A3 3.75 8.25
A4 3.75 9.50
AS 3.75 11.50
A6 4.00 7.00

nI d

GEOMETRY d
CONF t -,;RA'I' I ON (in.)

?41 TANGENT OGIVE 3.75 3.0
N? TANGENT OGIVE 3.75 2.5

S3CONEF 3. 75 3.0
N4 SECANT 0,GIVE 4.00 2.0

N'rE F ALL M'.NNrS ReFfREN(ED 10 NOSE (STAt 00)

Figure 34. Nose-afterbody nomenclature.
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Figure 35. Wing configurations (Tests "F" and "I").
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O* .05I061R4

C1

-A T
b2

0015 ,-O02

Tail Fin Sf. b/2 A, ( . Ctr'
Config. in.2 AR, i. I n. In. n, In. X/Cr in. tt

11 7.028 1.0 1.975 1.0 9o 0.8(,0 3.741 0.80 3.7-19 0.43 0.140 0.140
12 7.942 2.0 2.821 0 26;i 1.112 0 1.140 5.6255 0.P? 0.187 187
13 7.916 2.0 2.821 0.5 :,6" 19 1.1 5 L .73 1.140 3.749 n. 55 0 187 0 187

14 7.038 1.0 1.875 0 1403' 1.195 0 1.140 7.499 0.62 0.287 0".1f
15 7.024 1.0 1.S75 0.5 36(, 1.165 2.497 1.1410 4.996 0.55 0.197 ;Od.17

16 7.916 2.0 2.821 1.0 00 0.80n 2.813 0.800 2.811 0.45 0.140 10.141)

21 3.513 2.0 1.875 1.0 90
°  

0.696 1.874 0.696 1.274 0.45 0.125 0 .125
22 3.509 2.0 1.875 0 :';>1" 0.72F 0 0.694 3.719 3.62 0.125 0 125

23 3.605 2.0 1.875 0.5 5"3 
"  

0.71. 1.2P2 0.694 2.565 0.55 0.125 0.125

31 14.030 0.5 1.875 0.5 20
0
3G' 1. 2, 4.9-0 1.5857 9.980 0.55 0.250 10.125

32 14.036 0.5 1.875 1.0 90, 1.587 7.199 1.5R1 7.499 0.45 0.250! 0.250
33 19.235 2.0 4.385 1.0 9 00 1.587 4.395 1.587 4.395 0.45 0.250 0 250
34 18.373 2.0 4.385 0.5 57035' 1.606 2.792 1.587 5.585 0.55 0.25l 0.125

35 19.212 2.0 4.385 0 26"37
. 

1.619 0" 1.5R7 8.771 0.55 0.250 10.256
36 14.056 0.5 1.875 0 7'8 1 I.82 0 1.587 14.998 0.55 0.2501 0.250

SOIJRCE:: Ref. 4

Figure 36. Details of straight fin configurations.

.jl



U

-j

oj0
z x

-/ -1- q

+ z
x'

cn0

mom) co CD
wT .- &

ocJ O.-4

z 0 ~52



-~ - --%

0 0

00

Q U-)

-~~ - ->a

4-4

wW

-4

X
0u

.41

IA l
0DC In4-i) C)b) D I

N N - m V r In -l w

=0 0

* 03



w

a

CD-

r 0

cn
00

54

..-. ..- - - " - .: . , . . .. . ._ : . . .. . .. ,



I L

o o

0

cc

U; .

w 0

CD Q

0

C;

C, 0j
CD~~ In ( l i 9 ; V

N N to i w t
0 LM

+

L3



ta j

w

-i

a. .

CD

0

" 'I

Oww

,- +

56



I l II

14J

0.

LL 4-4

.j 4-i

0
-

r4 c- I 
.

,4

4-i

CD-

cu,

-v W4

M- We -; -; V- di -; -i -; 4;
ac )( M V q 0 b1to t

-3

I-,,-. 57



I-

- C

00cc

C;C

0 at
z ---

K5



C4A

1% Ix
N 4

U92

C144

le 40 C0 Q

I- W

o 0o

o a Go

ILC4
-I-

ID ~ 59



0K-- - -- - -D

CDN

LL

0 921
6-0 0

LL4

0 60



00

00

44

L.

a~ CD

r..
* ,4

zz
00

LA U.b

w~44

oC

616



L -

CDC

I -

x

0

N It

VCD D to v W D N r %a (D-(

WC0

62z



4-4
0

.

~'J 0
u

0 CI

E

0

w'-4

6-463



CDC

000-
CDC

L)~~ aZ L 1

64i



0 c

CL

(L Q

a

0~

4-i

00

CJ-

0~

-4

0 Im

w~-4

>- 0+

65o



C

.I.

I,- 0

IxI

I I !

a >-0+ 0

CD z

00

I.- 00C n DI

10

66

I!



CD

(D 4-4

U. 4

CD .,

ILl .

z

w4.)

0+1
s-i S c-u

0067



a. 0

CD

-%i
- -- U-

a0

w

CD

M2
U •

If)'q" -- - 4.

w I

Iv,

o I
0 + 0 000-

() ( 8

68



C

11

8

L7

CD 0

0

0

LL.. LA.
.d-

0+0
to UI -

- - - - - N 69



Q

II

S

u

z

700

*L LL.

X~~~~~ to v (A (-0 r

0+ z

700



00

/000o0
Q

(-) 0

F-I

U. LL
x V-4
0 I-.

L)* I L.
to- -cc-- - N 0 "

,-0*

71



]

APPENDIX A

PROGRAM LISTING

73

-.. . ..



SdArCM
PRELImINANY UESk(GN LPRUGNAM al11? &'ARA &klfrIC VARlAriU-v.
ALL~ (aWMEITLRIC VARIASLkS MUST HAVE THL. bAmf SYSTk.4 UF UNII'S.
I.k.., CALIbEkSt INCHEb, LT(. ALJL A14. U.LVIU.1i BY UNEF AlfiIIN
TH4E NUGKAM, ThLE PRLJGKA v*uWIS IN CAL.IHERS.
A CALIdk IS ULI'INED Ab I kEtiRENCE DIAmELT.
INPUT otjL)Y CEadTLH UF~ PHLSSUHR. (PUSIT1VL AFTr to IUSL) - (CAL)
PRUGIKAM USES 6kITISH DATA SHkLLTS FUR BASIC wIlNG Litl? Alt) AChP.
PRU~ixAM USLS SLLkNDEI4 BODY fLRVEJ4 (NACA 1107) FUR *1NiL,.jJ09
AWL) wING-TAIL INT~EWNC.

ONE uk MUkL BLANKS, UR BY A SLASH M,)
ALL VAKlAdL.LS IN AN INPUT LI~t MUST HAy?. A VALL Lu mE40L,
1,E,, 0, FREE tIELD kEAL) *ILL NUT INIENFRL4T bLA.N1K6 AS ZER0tJ'.

lITLE CARD (1-80 CIIARACT~kS)

INPUT 2

N*PUS a I INPUT XING AS STATION Lit *ING LEADING~ EL)Gt
z 2 PROGRAM *ILL MOVE wINs, 1/4 CHUkl) 13 WING HINGL LINE
x 3 PROGRAM WILL AUVk. WING 1/,d CHOW) ri wLN.3 HINGk. LINtE

I * .NPUT XPING AS STATION Ut WING mkAILIN6 ELiGE.
NTPUS I INPUT XlAIL AS STATION UF TAIL LEADING EDGE.

* z2 PROGRAM *ILL MOVE TAIL, 1/4 CHORD TJ TAIL mINIJt LIt.
x 3 PROGRAM PILDL MOVE TAIL 112 CHORD IU TAIL 'iNGE LIUL
a 4 INPUT XIAlL AS STATION Ut TAIL INAiLItNG EUL

MCUVT a 1 NU EFFECT,
2 2 USE NACA kEPIT, 1253 (MCUjEVITT) FOR FIN ALjI4E CLA.
GOOD FOR RLCTAN6ULAR FINS ONLY.
GOOD FUR MACH NUMoERS btLUw 1.1 (JRLY.

NOUT a I TRIM OUTPUT uhLi.

a2 ALPHA UUTPUT ONLY,
= 3 TRIM ANU ALPHA UTPUT.

NRUN a INITIAL RUN NUMdER. - 1 TO 4 DIGITS.
NDBASE a 1 NO LFFLCT.

=2 OUIPI)? DATA BASE FILE.

0 00 a00 a0 0* 000 00 000 00 99 0 aINhP UT 3

NOmst a I O$$iVL NOSE

0 a 2 CUNICAL NOSE
XLIN a NOSE LENGTHr
XL a TOTAL LENGTH

gee.. ~g.... Se s, 000000 ees...00INPUT 4

RBW a RADIUS Of BODY AT PING
No? a RADIUS oF SO00! AT TAIL
DIET a REFERENCE L.ENGTH
ARET a REFERENCE AREA
DRErF a RtFERENCE LENGTH - FT.
AREF a REFERENCE AREA IN SQ. Ft.
TIT z TRANSVERSE MUMkNT UT INERTIA - SLLDG-FT2.

eeeeeeeeeeeeee~eeeeeeeeeeeeeINPUT 5

18001 a NUMER or POINTS FUR bODY ALONE CNACY AND XCPCY
(iT NsuoinO, OMIT IMPUTS 6. PROGRAM WILL COMPUTE SLOPE DATA.,
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.......... ...... .................. INPUT6 6

ImAcri a TABLE UF MACH NUMBERS FURN CNACY AND) XCPCY
IcAct = iAk3LL UF bOOK ALU(Nt NUHMAL k'U5kCt COP.XF* S JIV.S tbASLU ONr

djua CROSb SECTIONAL kE EHENCE ANLA) - l/RAi)
IXCP~t = rAbL.E OF bUOY ALUNi. CENTER UF PRSSJIkb - CAL FHRtA NUThE.

99800 9968 0096INP'UI 7

Ntr620 PkUGRAM iWILL NOT* ALA. bUAETAIL CNA AND) XCI".
1 a PROGkAA USES 6IUA'1TAL CARUS TU CALCULATE tiUAIAIL tk'ECIS

L2 =u UIAmfER~k RAT~i (8BJATTAIL/CiLINklaeJ
ALZRATIU (BUA'IFAIL LEN6TH/CYLNF..R ULA4.IEK )

h14 F =NL9M~,kI (J PUINIS kUR ACG VS mAC' r4LI'mt3Vk

Took ' TABLE UP7 MACH NUMbE RS Flik KCG
I A CGs £ABLt. UP CEewl'EN OF GRAVITY - CALlBERb FROM NOSE.
IwEIGH = fAOLL OF WEIGHT - LbS.

~FA = NUMBER UF IHRk. STbiLAM MACH, NuMBEPS

?FMA sTABLE 00' FREE sT Xk.Am M4ACH NUMLERS
IALl ALTITUDOE FUR EACH MACH NO. - FT AH(JVL SEA LEVEL
ThE = KEINLU.S NUMbEk VUR EACH MACHi NO). - IILUIUNS/FI.

NUTE: PROGRAM MULTIPLIES rRE bY I MILLION TU GET RE,

*ee~..e~eee~e..s~o....ssoINPUTS 12-26

TB~v# m TAbLt OF WING EXPOSED SLMI-SPANS(LOAU 0. IF NO WING)
ICtqW = lAbLL. O ING kOOT CHORDS
TTN. a TABLE OF WING TAPER RATIUS(CT/CH)
TS*TLu a TABLE OF WING TRAILING EDGE SAEEP AfiGLES(UEG)
TXWIf4G a TABLE OF *ING STATIONS (MEASURED I'RUM NOSE) (SEE NOPUS)
THING* a TABLE OF 4ING HINGE LINES
TBOT a TABLE OF TAIL EXPOSED SEMIwSPANS(LOAD 0, IF NO TAIL)
TCRT 2 TABLE OF TAIL ROOT CHORDS
TTRT a TABLE Or TAIL TAPER RATIOS CCT/CR)
?3wTET a TABLE OF TAIL TRAILING EDGE SWEEP ANGLES (DEG)
TXTAIL a TABLE OF TAIL POSITIONS (MEASUREU FRUM NOSE)
THING? a TABLL OF TAIL HINGE LINLS

a Os (PROGRAM SETS HINGTZ1/4 MEAN AERODYNAMIC CIIOND)
TOELT x TABLE OF TAIL OEF'LECTI(JNS - VLG.
TDELW a TABLE OF WING LEFLLCTIUNS - VLGe
TALP a TABLE OF ANGLES OF ATTACK - DEG.

*****,**,*,,**INPUTS 27-29 (USED ONLY IF NUBASEr2)

IC~i) a FIRST PACKED WORD FuR COEFFICIENTS,
IC(2) a SECOND PACKED WORD FUR COEFFICIENTS*
IP a PACKLD WORD FOR PARAMETERS.

(SEE DATA BSlE INSTRUCTIONS FOR DEFINITION
or PACKED WORDS)
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£.IALNSIUN 1FILL(3) ,lIrLE(20),HuL(IO)
DIA'kreIs~Uiv ACJN (3) H ( 32), V(25*3)

COMMON IbUDYI XL,XLN,k,DFF I,lC,ACY,AF,NU6E.CNA,XCP
COMMUN /wlNi/ t~uo RO H WNCN HPHlG mH R
CUMAUN /.vIrG2/ CLAW,XC&P*DbAb,Nb,SNW8V,SKbw
COMMUN /TALL/ kUT,k~ti,TNI ,XTrA1L,ACENT,PH1T,HI~j(T,ATANi, A1f
COAMN /TAI~d/ CLAT, XCPfbh~b~bhr ,SKIH~,Sib
COMMUS /PAR~TS/ CN~tXCPbg,CN,XC~N,CNT.ACPTL,C,fV

REAL LAbEL
102 FtJHmAT (I'10.'4)
103 FORMAT (3F10.4)
100 FORMAT (W10J4)
109 FORMAT (1312)
110 FORMAT (12,bX,3F1O.4)
III FORMAT (20A4)
112 FORMAT (212,6X,3FI0).4j
19. FORMAT (1IN )
199 FORMAT (1141)
200 FORMAT (1141,'1NPIT iA~bLS.'/)
202 FORMAT (lIM krp.4)
203 FORMAT (IN ,3F10.4)
209 FORMAT (1MO.20W4
210 FORMAT (IH0,'GEUMLTERIC V~lbE'0'O)'X'~,r'X"AL/
211 FORMAT (14 ,'Ck kOOT CHUKORD S~2 v
212 FOMT(IN ,'CT TIP CH4ORD'371u4
213 FORMAT (lih IbU CXPUSED SkEMI-SPANI i9x2I-lu.'J
214 FORMAT (I14 $'AN ASPECT kATIO' 3.AiF10.'4)
215 FORMAT (IN4 'TR TAPkt RATIO' .S5X2VIU.4)
21b FORMAT (1I4 l'SoLL LEADING E.DGL Sok.EP A14G6E (')k.GJ' 1bA2FIU.'&)
217 FORMAT (14 ,'S%~TL TRAILING LUGL SoELP ANGLE (oE(WJ I'5A2I,1I.4)
216 FORMAT (1IN t'CbA/Cg4 ALAN GEUXMk.ER1C CHORD/CN' 22AAF10.4)
219 FORMAT (INI 11BAK/80 SPANmISL LOCATION OF CBAK' I~F~~
220 FORMAT (114 IXM/CR CHURV.OISE LOCATIUN JF C8AR' 2uA2F1u'1)
221 FORMAT (IN l'CENT/CR DIST* FNOM4 L.E. CR TJ cENr~uiu) IbXFIV.4)
222 FORMAT (IN O'RB RAUIuS OF bOUV AT Fif 25X2IQ1,4)
223 FORMAT (IN I'XFIN VIl I.ROm NOSE TO L.e. CR' doAiF1V04J
224 FORMAT (IN I'XCENT 013T. FROM NOSh. TO CENTROUt)' 19XIFLU,4)
225 FORMAT (IN I A/Ak AREA RATIO (2 FINS/ARLF)' 22X2VI0.4)
226 FORMAT (IN I'NINGE DIST, FROM NOSE TO e11NGC' 22XIF10,4)
227 FURMAT (IN O'PHI FIN RULLb ANGLE (DEG) l6x2F1U.4J
230 FORMAT (14 l'XL BODY LENGTH# 24XFIO,4)
231 FORMAT (14 I'DREF RLFCELNCE L.ENGTHt I 17?d.'10.4)
232 FORMAT (IN I'AREF REFLRENCL AKh.A I UXF12.4)
2322 FORMAT (114 ODREFFTr REFLKENCE LENGT14-tTo' 15XF1O.4)
2323 FORMAT (114 I'ARErrT NEFLENCE ARIA FT**It 15AFIQ*4)
233 FURNAT (114 ,'YIl '4OMLNT OF INERTiA' 18XFI0.4)

24FORMAT (114 IDBOD bOATTAIL DlA. LCALe)' IbXFIQ.4)
235 FORMAT (IH ,'X~bOO bLIATTAIL LENGTH (CAL.)' 13AFIOo4)
236 FORMAT (IN I'DCYODR RATIO (CYL. OIA/RI;F* QIA)' IOXFIU,4)
301 FORMAT C1N0'PMO86CM WITH INPUT DATA FILE-(TAPE5), srArUS8'14/)
302 FORMAT C1N0'WARMINGS TAPLS NOT CLUSED@/)
400 FORMAT (1HQ,1IX, 'SKUP' ,5X, 'OKCO' ,5X, 'CLA' ,5A,'CP' ,OXv
+ 'CNA' ,bX, XCI'5X, 'CMACG' ,5X, CMO' ,OA,'CLP' ,bX. 'CLI',
+ 6X, 'CHA ,6X, 'CHO' bX. 'CNI .5A.CMDCG')
401 FORMAT C1A,tOODV fv3bXp4f9o3)
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402~~~~~ FOMA ,i~IN 1,093

403 iJiRMAT (1A,ITAIL, ,14F9.3)
404 !0R4A' CiA, 'TUTAL' 3bApbr9.3)
4444 VU k MAT (1Xp'SIG;hA 1,F9.3)

4041 FRUmAl (u O,"4.b~u,.4,*T8uN/

+ T4J,m4",t2p*ANGLE OF ATIACI' i)ATA $LPS"'d,~/C4",1,#,/

+ T43.*"-, fI8,w*,/,T4,4b(4Lw))

+ T43, 0",155,'ANGLE Wi ATTACK~sLpi,*,,4,.,~""/

41t' FURMAI iU'MC3,T32,'CO,93~'1~H',Y3
+ 2A, 'AL.T=',F9,3,2A. '?(a' ,FlU.U)

451 FURMAr (liH lF8.2,3F9.3pl0?8.3)
45d~ FUKAAT (IHO,'NU TkIM AFTL.P 1,13,2X,lITEAl1b0NS FOR~ 0)Lbmml,
+ F7.3,3A,lDtLT'xlj.3)
453 FURFMAT (IhlO,3A,lALPIIAl,bXptCNl,bX.
+ 'ACP',bX,'CMC(;',bX,'Ch*',bA. 'CHr',3A,'FlrRAr',4A,

454 FORMAT (1nO,9T1R1$ PUIN1')
455 FURMAI (1nMj,INU IKIM bt.L.Li~ ALP~l,V7.3,2X,lFUH 0t~LA,F/.3,
+ 2X,'AND DiLTSUF7.3)
45b FORMAL (1i10,lRUu NUm$~.x',14)
990 iOHMAI (1l1U,lIjPE INPU1 riLA NA10f. I TO 12 CHAMACrtks')
991 iL)RMAT (3A4)
995 FURMAT (lHjlCONFlGURA.lLN'14)

------------- ------------- ----

REAU (1,991) IFILE
CALL CLOSE (5,iSTA)
CALL OPEN* 5WL,,,,SA
IF (I~fA.EQ.Q) GU TO 8
,IT (1,301) ISTA
PAUSE
GO 101I
a NCONF*O
READ (5,111) TITLE
READ (5,4) NWPOSNTPUSMCDVTNUT,NJN,IJDaASE
READ (5#4) h4LSLXhjN,XL
READ (5,4) R8SI(8TDREF,AHLF ,DREFi T,AF4EFFT,YIY
READ (5,4) NBODV
IF (h8UDY.EQ.O) GO TO 4
READ (5,*) (TmAC.I(I),TCNAC~tI),TACPCY(l), lx1,?N8UDI)
4 kEAD (5p4) NBTIJ,DBOU,XLBOD
READ (5,*) tNMF
READ (5,*) (TMr(l),TACG(1)rTwLIGH(I), IR1,NMV)
READ (So*) NFMA
READ (5,4) (TFM4A(I),TALTII,(I),~ Im1,NrMA)
CALL READX (5,VO,IIL.TdO*,,NH#NdOEOFF)
CA"L READX (b,@0,MULTCR*,NHthCRw#EOFF)
CALL READX (5,V0,HOL,TTRw,NH,NTRw#EOFF)
CA1LL RLADX Cb,SUHOL6,TSWTES,Nh,MSWW,EUFF)
CA16L MEADX (5,U(,,HOL,TXWING,htlXWING,LUFF)
CA1LL READX (5, VO,140lTHINGW ,tht4IINGW,EUFF)
CALL6 HEADX (bVQ,MOL,TbOT,NH,ftbO?,EOFF)
CAL6L READX (5vSoHOl#,TCk?,Nh,hCRTtEOFF) 78



CALL #.AVA tduphJL,Tlp4 I ,NrkTok.3f)
CALL ktAI)X
CALL .EADX (bodUHUL,rXTAIL,#Nh.ATA1LUFF)

CALL KCA! L6,bU,HULTHINo,NM,NINGT,L~UFfr)
CALL KR.AUX (5#b0,HUL,TLLT.Nti,N)tLT,tWH)
CALL "LAL)X (b6,U~D~,NU~,~
CALL r -ALX (hbU~APNAPLfP

IF (NobASE.k.U.21 CALL, UALAI

CALL CLUSL (b,ISIA)
IF (J1iIA.NLk.U) MklE (1,30,1)

....... ** .... e. *e~e.. *.s g vKiTe, INP~l' lAtsbES

IF(INbUbI,~tw.o) k~O TO 2
fui.llE (6,2U3) (TMACHL1),dCNACX(l),rACPCY(1) . I21.IkUl))

2 AR1it (b#198)

P1:3.14159
tADS57,2957V
SMAL.LZI .630
PHIWUzi.O

DC%822*kbT
DCJUDRSDCY/DREF
ACIS(PI/4)*DCV*42

CHN=TCR .( 12 )
DO 90 1321,NTRO
T~wuTTRw (13)
DO 90 14=1,NbOw
BUWZTdU(14)
D0 90 1521,.swh
SuTEwzT8wTLw(I5)
DUI 9u 1eo=.NXvI1NG

XWINGZTXo1NG(lb)
DUI 90 112X1,NIiGW
H1NGWaTHLNGU (112)

.......... .eeee.. ........... *. . CAILCULAIU WING GEJwAkI

CALL NOLL (B0w,CRW,T~i,Ho,O)REF,AREF,CLPw1 .CL.DV1)
CALL FINGEOM (CRw,TRW,80w,ARFSwTEwCTwANVSL4,CBA,16AH*
+ XM*,CENTW#AFAR,TANLw,SwHA*)
AWAR=2. .AFAR
1FCNWPOSk.0.2) XWING=HING-(.2CBARIVXW)*CRW
IF(NuiPUS.10.3) XVINGuHINGW(qbQ*C*ARW*XMw)CR
IFCNWPUS.F0.4) XWiINGnXwING -CRO

XCEN WX(CCENI * CR W ING)

DO 90 le31,NCRT

DO 90 19steNBOT
BO2T~UOT (9)
DO 90 110ul,148wT
SN:CTuTSOTEM(10)
DO 90 IllateXXAIL
XTAILs'fXTAILCI&1 J
00 90 11321#tNINGT
HINGTTHING1 (113)

* *e~eeee ...... * **.**** *** CALCULATE TA1I L GJMIRT
79
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CALL kLJLL

+ AMT,CCNTTAVAR , ANLI1,SwMfAT)
AlAkak.*AFAk
IF(NTPJS.tu&J2J XALLSHIN~j'i(.25*CbAkT.XMT)*CHI
XF(NTPUS.tw,3) ATAI1I(,1.b*CbRTKPT)*CI
IF(N.TPub.tA).4) ATAILa~iAAL -CHI

IF(*4IN~r.tk.j) HINGI=XliL, * (XMI + * e*CkAk'T)*C~

WHITh to,995) NCU'N

WRITE (n,2322) O11TEFT

OR1?k, (b,23) AREFi
wRITt (6,233) uku
WITL (N6TL.EQ) GO TO
WRITE (b,232) LJtFO
WR1TL (b,232) AREFFT
WRITE (6,23b) fL)CO
IF 08%4IEgO GOl3 TU 5 )T~i~

WRITiL (8,222) CuwCZ
WRIt (6,235) XHWTH
*wlit. (b,216) ACIARI

aRMT (b,211) Auo(2,STLk (l
WRITC (btZil) SwT",SAFE

WHITE (b,214) CA*,AI
"RITEL (o,216) baE,)Atl

ARITL (6,21) CwETw,5aPNH
*. RITE (b,212) Ldw,Ciik'
WRIlt (6,223) XING,IAlL
ONITE (6,214) ACEP,A~h.N
OHITE (6,221) CLNTR,CTA

WRITL (b,226) XINGE,XIA16

*RITE (6,227) PHlw,PIIIT
SIART MACk vUMe4R iLi.)P

FM AC IITFMA ( 1)
ALTSTALT( 11)
RESTRE(11 )*1 Eb
CALL. STAN62 (ALT,CS,RHU*PHLSS,rEMP,2)
Qw( .7$PRESS4FMAC.*2)I
dETASRT(ABS(FMACM$*2-1 ))
CAL16 INURP (~Z#, CGTXCG,F'MACti,TMAFNm',2,MLt4,MAX)
CALL INTERP (2, WE1Gt'tTwLIG4,emACH,Tm1.MNMF,2,mIN,'11AX)
XC GBXC G * C I
IF C~GTE.. E~tTJ

START ZERU AL.PIA L.OUP - SLUPES

* ...... * .. ..... *S OS S 955 80 FORCE CUEFFS

XLAuXL - XLN
XLt4ZUXLN/DCV
XLA2uXLA/DCI
CALL 801)1 tOSELN2~l6A2,FMACH,CWACY,ACPCY)



Go fu 3
7 CALL 1ITHP tio ,4ACI , iCNAC t?ACH1,1mACH~rimjUy , , AIN,,AAAJ
CALL~ 1ITL-ir (21APiICC~MCMCbIIJM~,AA
3 CUI-11 L
XCpC1t=ACI-c. Iuc1
CNAC~xCNAcis Actj ARfrA

IF (NdTL.kLw.V) 6~ 0 fu6
CALL bOAIL ( 'AACh,ObUUXL6UL,,CNAniT,XCPeI)
XT=X'Ctk 4UCUWkUR t AL - X~04L0D*~L
CNAbT=CrvAbi ACf/AKD
b CNAbZCNACI + CINAtJ
CMA=(CVACYACVCY1 + CNvAvI xCP61JU
XCP$zCMAb*./CNA6 + S*AbL)
AmMCr(C,-XCPC ) /UHLp
ARM8'i=(XC(-xCpa1)/ukp'

CM~b- .(CNCY4HMC#i* CNAd1#APdb1*2)
CKACLbCN~AC'%*AKACt + CNAbT*AH'BT

fC!( FORCL CJLFt'

CrACGavz.
CLI~uaU.
1FLdU09EWL.U.O) 6U rU 561
CALL BRIT (FI4ACN. ARw.T~w.~iwHAv,CLAW,CpCb)

CP09CI'CB*CbARO + A%*m
1F((MCDVT.Iu.2).AND.(FMACH.LE.1.1)) CAtL mCuEvT UJ'mACdAH*,CLAW)
CLPOZCLP*CLAw/(FI*ARcw/2,)
CILDCLD#,1$CLAPu/(PI4A~eI/2v)
XCPOU(C~VR*Cg + AOING)

* "999999L+3V
0~ (TANL~w*GT.O.,J) b3,4wmbLA/A,VLk%
CALL INTSLO (1,IACH,B8'1A, 3aCiiwA*I.A,
I b~mbab.w,S~m8,6Ku,)
Fwu(BIKWb * bKd6)*CA$AmA

CHAwx8Kpb*CLA39(AwAR/2. )*ARMmm
CliJ 4SKNB9CLAw$(AwAR/2. )*A.MftH
CNDmu(3S+68K& )4C6AW*AwAR
AKMW(XCG-XCP%) /LRCF
CNDWCGNCNDN*AROtw
CMQIwX.2#e(Fm OABM.,*2)
CMAC~wafw *ARM*
Sol CONTINUE

.... S *e**esee.... ese se .. ~ TA IL FORCE COEFF.

CMAC(.;Ta0.

IF(SOTduQ.0.Q) G~O To 651
CALL6 BIT (rMACH.ARTTRT,3whiA1.CLAT,CPCb)
CPSCPCB*CBART + XA
3TCCMCDvT..U,)ANDIFMAC1.LL.1.)) CALL MCUEVT (Fi4ACH4ART,C6AT)
ClaPT1CLPTI*CleAT/(PI4AR1/2.)
CL.DTCU?1*CLAt/(PI*ART/2..)
XCPTS(CP?*CRT + XTAIL)
ONTS990*9999C.30
IFCANLT*GT.O.Oj bATUSTA/TAt4L?
CA1LL. INSLB (1 DFMACI4SETAt bMT,RbT,CRT.TH?.~OT .AR1,C.ACf,
I *%?8#9K9T,8IKT8,5K6T) 8!



orAILAL-AiAlL-CT

DDbaUDUxtK
CALL AbmAI(FMACH1,CkT, IAIL,.XALb,DUb,UCI ,AIA)
BI(BTab~bT *IS1
SJ~bT=Stb[#A1A
FT8(dKfb +~ bK~f)sCLATlArA8
CNL)T8(SK !boSI8)*CLAT*A'fAR
CIATC~zCsOEltXC(-XCP1 )/L)Ntf

* ** ** ** ** *** ** ** ** ** ** v IR T E.X C A i.(U LA t*I li

ARMIHa(HlNGl-XCPr )/DKEF
IF~~im~U..O)',UTO b~b

XuwX+Cp*-AslN6
XSART9,XCPI-X~rAIL

CAL~L FACIUIV (ON,IRbA.CI4*,AHAA"IN(,U. ,HJT,HBT,'THTA~IILeriAT,
1 ALP,XI,FwS*)
FawMka = FS*u
CLlAx(CLAft$CiAI40wb*X#iUT/(2.*PI*AI*MRv))AoAH
CLIUar.(CLAvuCLAT*SKw8X*bT/i.*P*ATF1mN))$AAAR
CMIDU.CaCLlUW.$AIMT
t,55 CONTINUE
FTIZuT +' CLIA
FTHATUx 11/(IFI4SmALL)
CHATu(bKltb4CLAT*ATAk +' CLIA)*.S*AMTH
CHUTC(SKTb*CLAT*ATAR + CLIA)4.54AHM"3H
CMULT-2.*(FTl#AIKMj**2)
CmACGT=FT1;ARMf
bbl CONTINUE

CNOzCND*eCLIDA
CMLwCGaCNDwCG.CA1DOC
:b52 C(.NTINUE

If (No(T,NL.1) ORITE (b,199)
WRITE (b,196)
tNRITE (b,199U

*WRITE (6*4040)
WRITE (b#410) FAACH, XC(;, wEIGHT*ALToRE

*WHITE (b,4041)
WRI~T. (b,400)
WRITE (6.401) CNAB,XCPBoCMACGdoCMQB
IF (B~w.IQ,0) GO TO b53
WRITE (6,42 MI~w8,BKBwCLAw ,CPwFW ,XCP%',CMACGW ,Cr4'Q,CLPu,
*CLOWoCIAW ,Ct$DwvCNDW ,CMDpC~v
6S3 IF (8OT.tQ.0) GU 10 654
WRITE (6,403) 6$K?8,BK8T,CLAT,CPT,FTI , CPT,CMACGT,CMJL,CLPT,
*CLDI CI'ATtCHDT CND?.CMULTCG
6S4 CONTINUE

COMPLETE CONFIGURATION

CNAOCNAB * Fw + FT
CMAaCAS * F**XCPW#'OREF + FIZ*XCPT/DRLt
XCPSCMA*UREF/(ChA + SmALL)
C0402CROB 4 CONW + CI4UT
CMACGwCNACGb + CMACGW + CAACGT 82



rLI~aCLP% + CLi'f

ONRUL (b,404) CNA,YXCP,C'4ACG,,Cmif,CLP
*RITE (b,4444) SIGMA

END L) RU ALPnA LOUP

.L.YTVELT(Ll)
L~ 91 LJam,NULP

tLm2TLLA (L2)

TRIM CLINL,IJN~S

IF (NUUT*EU.2) GO T0 94
AUPX(CMDWCG*D.LL* + C0U)ICG*Vk.&,)/CMACG

I00 95 ITRX1,NTRIM
CALL IIGHALP (FAC1,ACGALPOLW.DELT.CN,XCP1 CMCG,C*.C4L,
* FTRAT,DNEF)
LALPSUOS 'I
IF (ALP.LT.o) LALPSX-J).b
ALPSBALP - DALFPS
CALL HIGNAL~P (FMACN,XCG,ALPS,DELu,DELt,Xi ,X2,C'VC.lX3A4A5,)H~e,)
CKCGS(CCNCG-CACGI )/DALPS
UALP3CMCG/(CMCGS + SMALL)
IF (A8S(DALP)L..vO. GU TU 96
ALF=ALP - DALIP
95 CONTINUE
SHITLk (6,452) tTRIM,DELm,DELl
GO TO 94
96 ALPMAX=4O.
IF (AdS(ALP).ITAAIPMAX) GO TO 97
*R~ITE (6,455) ALPMAX,DELw,DLT
GO TO 94
97 GU(JA~x(CN*COS(ALP/IRA))$0$AREFFT/*EAGHT
IIM0UCHW*Q#ARktIFf*D5RIVV
nm~lCh**ARCFFT*DRbfff

wRIIL (6,4042)

WNITE (6,454)
mRITX (6,450)
WRITE (b,451) ALPDELO,D!1.T,Ct,XCP,CMCG,HMW,HMT,FTRAIC;IUAD

*.. **** *****~,..ALPHA CUNDI1UN~S
94 1 (NUT.L.1)GO T0 92

ACON~ul t
ACOMf.2al
ACOC3U' S

14(1) mlALP
HC2)BNRUN
"Malt
NMS)PHIT
HMS)FAACH

0811l (6,4043)
Wilf (6*456) t4811t
NAM1 (be,453) 83



&U 9 LJSI,NALk
A LP alA6P (Li )
CALL mrlGHALP (FAHX~APU~#LICfC#MGC~~f

aRIT. (b,451) AL.P,CN,ACP,CmC(jpC~ntwCHT,krikAT,
+ Chbi ,xcpb,Ct,XCP*N,Ci,XCIL,CI*V
Y(I.J, 1)zALP
f(L3,i)xCN
TAL3,3)=C'KCG
93 CONTINUE
IF (hDBASE.E0,I) CALL VAIA (ACON*H,Y)
IiHUN a rERUN11
92 CONTINUE
92 CIJNTINUL
90 CUN 11 NLD

i.N 0
SU8IRUUTI1N HIGIIALP (FD4ACtI,XCG,ALPHA,DLaW ,LL,CN, AC& %4C(G,
+ Chi,CTTRAILREFi
HIGtt ANGLE UJF ATTACK AERU
ALL GEOMETR.IC VARIABLES M41bf HAVk- SAMb. SYSTEM OF UNIfS.
I.E.v IN.* FT., CAL,, IkTC.

CUMMUN /dUUX/ XL,XN,RL,U,VCt,ACK ,ANcLF,rUSE,CNAk ,XCP$
CU4MN~r /*ING/ bUW ,RB*e,C~w,XuING,XCENa,PH1W,HING*,AWAR,ARm
COM~MUN /mING2/ CLAW,XCw,bKwb,dWfSKbS.B
CUMMUN /TAIL/ LUT,RBT,THT, x1AIL,XCENT,PHIT,HlNGT,AIA , ARI
COAMUN /TAIL2/ CLAI, ACT ,b~Tb,Bu(BI,SKTb,S(8r
COMMUN /PARTS/ CNhY,XCP8V,CNv.,XCPa,CN1,ACPT,CLI

bODY FORCE.S

S'4ALL21 .OE-30
RAU=57 .2957b

ALPaAbS(ALPHA)
AL2aXL/DCY
Xh~22 AN/DC Y

I ACG2xXCG/DCY
CALL CROSFLU (FMACH,ALP.RL,DXL2,XN2,NUSE,XCG2,CNV ,CAV,3J)
CALL CROSFLIl (IMAC,AL,,,,AN2,AL2,ACG2,X1,X2,XCPV2)
ACPV=XCPV24DCY
CWVuCNV$ACYARLF

C'ASDXCNAH/RAD
ChbluChABD#ALP + CNV

IF(ALPNAEQ.0,j GO TO 44
ACPB~x(XCPB*CNABD*ALP+XCPV*CNv)/(CNBYeSMALL)
IF(ALPHA.LT.0.) CN8Yu-CNbY

*eeee..~eeeoee.e..e...e~e*e ING I1JRCES

CLwO00
XCPWNO.0

750 CONTINUE
DIWAL.PNA + OtLN
C16AVUSCLAW /RAD
CiUwANCLAWOSALPHtA
CLO08CLANDODLLO
zcpuu1CW
AN~x(HIhGo.XCPw )/DRtF 84
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CLoutt bKwb+ 8Kd0)*CLwA + ( bI~wb+ SKbw)*CL~WO)*AwA(
Cb4Wu(8PK.b4CLwA + S6wbCJAMHw*A.AR/2e
CHuaCH~W*(CUS(Dl/RAD) + fiNk(D1/KALI)42)

*..e..ooeeeeeessseeeeeos~oe TAIL FURCES
751 IF(BUT~hk.0.O) GU WU bbeJ

ACP~z0.0
CHTa0.O
GO ?0 651
650 CONTINUE
D2BALPhA + DELT
CLAT ORC LAT / RAD
CL A=C LATI)*ALPhA
CLTL)CLATD*DLtLT
ACPlzXCT
CLTa(( bKT64 ObFH')*CLTA *(SiKTb+ bKbT)#CLlU)*AlAN

AdARTaIXCPT-XTAIL
CLISU.*
lF(b0wEuO.) QO TO b9
CALL VORTEX (BOW,RBU.CRWAXNX1NG,LLWPHIOAApL)XRBI,IHI,
C XIAIL,ABART,PHIT,ART,ALPHA,CLAM ,CLAT.IbKxiISI'wd,CL1 ,F4Sw)
bb CONTINUE

AIMHTX(hINGT-XCPT)/DRLr

CNE=(dKTB*CLTA + SKTB*CLTI) + CLI)*ARP.T*ATAR/2.I
CHTxCHT*(CUS(DU/RAD) + SXN(D2/RAD)**2)
CLT18CLT+CLI
FTRATaCLTI/(CLT + SMALL)
651 CONTINUE

* ****** ******* ****** ****.. COMPLETE COAIGiUtAfiU~v

CT=CLT
CMItaCLTI

Ch CNBY4CNa4CNTI
C4 =+CNBY*XCPBYCNw*ACPw+CNTI$).CPT
XCPSCM/CCN + SMALL)
CMCGs(*CNB*(XCG-XCPb)CNw*(XCG-XCP)CNr1*(XCG-CP))/IEF

RETURN

3UBRUUTIhE DATAI
INITIALILE DATA BASE FILL INPUT*
N2 a No. OF COEFFICIENTS,
N3 a NOe OF PARAMETERS,
CHARACTER*18 OFILE
COMMON /PACK/ IC(2JIP*N2,N3
200 FORMAT (1140,1ENTER: IC(I) - 8 HEX, CHAR*, I.E., ABCDEF121)
201 FORMAT (1140,'ENTERs IC(2) - 8 HEX. CHAR.. I.E., C0290000)
202 FORMAT (1h0,#ENTER3 IP - 8 HEX* CHAR*, I.E., AM~I0OU')

* 210 FORMAT (ZO)
300 FORMAT(1H0,'ENTER DATA BASE FILL NAME - I.C.o DAfA:LCOPHL0DAI')
400 rORMAT(AIV)
401 FORMAT (IHgIPROBLEM WITH FILEv#,AIB,3Xv.IStATs',14)

13 WRITE(1#300)
REAUCI ,400)OFILE
OPENC10,FilE3oriLE,roRM8'81NARY' COUNTBVm'RECORDI
*.RELCLW32,.SLOCKSIZEU32,IDSTATS1STA?,ACCESSE'DIHECTO
S,STATU~sUNIwl)

11T CIATAT 9909 0)Q0 TO 12
MRUTE (1,401) OFZI.E.ZSTAT
PAUSE 'CORRECT PROBLEM APO CONTINUE$
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(iLu IQj 13

12 CUNTINUE

WRITE (1,200)

READ (5,210) IC(2) I
WRITE (1,201)
READ (5,210) IC(2

1RLT UHN

SUbRUUTIMk. UATA (ACON,h1,l)
DIMENSION 1(25#3)t ACON(3), 11(32)v C(2ob4)
COMMON /PACA/ IC(2),IPvN2vN3
H a VALUL OF HEADING PARAMETERS.
y a COEFF. ARRAt AT EACH DATA POINT.
ACON a CONFIGURATION NAME - 3 IORDS - 12 CHACAfERS.
C a MAX AND MI1N VALUES, (LUAD ZENU)CORFLEFN PRGRA DETRMINS MX'S ND ANII

COFIkXI 0ORA DEEMIE MXS N MNS
O 0Jal,bI
10 C(I,J)=0.

'ORITk. (10) N2,N3,lC,IP,ACUN
WHITE (10) (HCI), I31,N3)
WRITL (10) (C(1,I),lal,N2)
WRITk. (10) (C(2,1)#Ia1,N2)

0D0 50 1u1,NPTS

5ETURIT 110) (V(1,J),.JZ1,N2)

END
SUBROUTINE aiODY(NOSE,XLN,XLA,fMACH,CNA,XCP)
INPUTS
NOSE x 1 OGIVE NOSE
NOSE a 2 CONICAL NOSE
ALN a NULI LENGTH (CAL)
XLA 8 AFTERBODY LENGTH (CAL)
OUTPUT
CNA a NORMAL FORCE COEFF* (1/RAD)

XCP a CENTER Of PRESSURE (CAL FROM NOSE)
TABLE I x BODY DATA FOR TANGENT OGIVE NOSE WITH VARIOUS NOSE L.tNGfmS

I TABLEt 2 x BODY DATA FOR TANGENT OGIVE NUSE WITH VARIOUS ArTEkbODY LENGTHS
TABLE 3 a BODY DATA FOR CONICAL NOSES OF VARIOUS ANGLE~S
TABL. 4 a BODY DATA FOR CONICAL NOSE WITH VARIOUS AFTERaUut LENGTH4S
DIMENSION TMACH(15),TCNAI(15,3) ,TXCPI (15,3) ,TXLN(3),TCeIA2(15,3)
$,TXCP2(15,3)oTX6A(3),TANG(4),TALA(5),TCNA3(15,4),TXCP3(15,4),
*?CNA4(15,5),TXCP4C 15,5)
DATA(TA(),u,5/8 91,0511121.,.,,,.26
$3. .3.5,4..4.5/
DATA (TXbN(I)vlI#3)/3@#4*,5o/
DATACTILACI),I131,3)/4. ,b. ,U/
DATACTANG(IJ ,IS1,4)/b.,7o125v,,10,/
DATA(TALA(I),Ial,5)/4o.,,,9.5,11,/
DATA t(TCNAlCIJ).Il,1pS) ,Js1,3)f.042, .043,.04b5,.04U,.Q4b5,.04b5,
*.0435, .0432, .044, .045, .05, .054, .0550,.0575, .0575, .043, .044t, 04b6,
*.046,,046o,.044e,042,.0412,.0415, .0425, .047,.05lU,.055, .055,.0545,
*.044..045..04b,.04S,.04b5, .043p,042, ,0405,.0408, .041,.0445,.uS,.US
62. 053, .054/
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DAtA((TC14A2 , J) ,II=) Jz .3)/U0415,u.44,.0b,u.u4i,U.J4b5,
*0445,0.04 f,0418,0.042,0.U425,0.047U,.0515,.054,.US5,.05b,.U43,
$O,04b),Q.04di.OS0,0.095o047fJ,044d,u).044,U.U44S,0.O45,0.U49,
S0.053,0.U45,U.0,0.57,U4,O5.047,0U51,0I)I5,0S150Uog9o,
$0.047,0.04b2,09O46,Q.04b50.U4950ub3U.552,u.51.)5$/

DAZAI.LTC9A(1J),121,15),Ju1,4J/0.O4Q5,o.u42,0.U46oQ.U.1?b,0.0465,
80 *044 .0.042, U * 41o, 41o, 42,0,044,0.0U4W ,0.05 2,0 *US 35,0,053, U.*U4 U
$5. .042,0.L4b,V.0475,0.0455,0.U44,U.042,U.U142,u.044,Uo.043,0.04b,
S0.U5,0,053,05,.05b,0.04U5,0.U42,0.04b,0.0475,U.045S,U.U44,U.u4
$4p,.42,0.043#,J044,0.U47,0.051,0.0bo5U.U57,0.U5b,0.0406,U.U42,
SO.04b,0.0475,0.0455o0.044,0.0439,0.0435,0.044,0.J4b,0.049,0.U53,
SU*0b7 ,Q.059,O.Ub0/
IATA(LfCP3(lJ)o1a1,15),Ja1,4)/0.75,Oo,52.u.2U,0.5,0.32b,u~b5.
50.94, 1.05,1.1o, 09,0.90,Ob5,0.42,0.24,0.20,0.55,U.4U,0.0S,-0.10,
SO.15,U.47,0.70,0.85,0.85,0.W3o0.b0,0.J7,0.15,-0.U5,-U.11 .0.31,0.20
S,.0.10,-0.20,0.0,0.30,0957,0.7U,0.70,0,bS.U.45,J).22,-0.01,-U.20,
S-0.27,0.20,0.05,-O.30,.0.3W,-0.25,0.05,0.30,0.4,U.4,..3,0.242,
S-0.U5,.0..30,-0,4d,-0.b0/
0ATA((TCNA4LjJ),1s1,15),Jsl,5)/U39,0.U4l1,0445,0.U45,Q043b,
SO.043,0.041,0.040,0.0415,0.042,0.04b,U.049,0.051?,u.053,0.0b4,
S0,0405,0,042,0,046,0,0475,0.0455,0.044,0.042,0.042,0.042,0.043,
S0.046,0.050,0.053,0.055,0.05b,0.U435,0.04b,0,U4d5,U.052o,ubo55,
$0.049,,046,.045,e045,.04b,.047,.051,.054,.055,.057,.U44,.U4b,
SO.05O,0.O51,0.050,O.047,O.044,0.0435,U.044,U.045,0.U41,0.050,U.U54
S,0.056,0.057.0.045,O.047,U0S01,0.053,0.051,0,04,.JI3,0.042,U.0421
S ,0 ,0432,.0. 41, 0. 50, 0. 54, 0.05? ,0. 058/
ODATA((TXCP4(IJ),Iul,15),J1,5)/,90,J*7bo,55,0,3W,U0.50,72,Q.90
S,0.94,0.90,o.W0,0.60,0.41,0a25,0.15,o.15,0.5S,o.40,0.05,-0.10,U.15
8,.41,0.70,0.85,O.85,0.U3,0.60O.37,0.,,.0.0,-U.11,.0.11,-0.45,
8-0. 15,-0.90,Uob5,-O.25,0.25,0,45,0.53,0.55,UoSU,U.30,0. 10,-U, 15,
5-0.35,-0.30,-0.60,-1.20,-1.30,-l.05,m0.frO,0.0,0.3O0042,Q.40.0.40p
$0.20.0.0,-U.24,-0.4b,-0.55,-0.W0p-1.46,-I.b5,-1.50,-1.0,-0.30,u.13

'RAD a 57,29578
jIF (NOSE.EQ92) GO TO 10

I" w- mftw mdp W 0.00W."ft M. mmUGI VE-CYLIM0EI(
CALL TABLE? (2.Ct4A1,TCNAI ,FMACHTMACH,15,3,XLN,TXLNo,2)
CALL TAUL.E2 (2,CNA2,TCNA?,IMACH,TMACH, 15,3,XLA,TXL.A,3,2)
CALL TAbL.E2 (2,CNA3,TCWA2,FMACH,TMACH, 15, 3,6,Q,TXLA,3,2)
CNA 8 CAI+CMA2-CNA3)SRAD
CALL6 TABLE2 (2,XCP1,?XCPLFMACHoTMACHt,15,3,XLN,TXLN,3,2)
CALL 1ABLE2 (2,XCP2,TXCP2,P4Ach,TMACt, 15,3,XLAoTXLA,3,2)
CALL TA91L2 (2,XCP3,TXCP2,FNACH,TACh,15,3,b0,TXL.A, 3,2)
XCPUALIN-CXCPI+XCP20J'CP3)
GO TO 11

CONE.CTLIN0CR
10 ANGNATAN (.s'XIN)
CALL TAbLL2 C2.CNA4,TCNA,9FMACH,TNACH, 15,3,Af4G,TANG,4,2)
MALL TABLE? (2,CNAS,?CNA4,rI4AcIITMAC14,15,3,XLA,TAL.A,5,2)
CALL TABLL? (2.CIATCNA4,FMACNTNACho1b,3,b.0,TALA,5,2)
CNAuCCNA4+CNA5oCNA6) #RAD
CALL9 TABLE? (2.XCP4,TXCP3,rmAcNTAC4, 15, 3,ANGTANG, 4,2)
CAL6L TABLE2 (2,XCP5,TXCP4,rMACHTMACN,15,3,XLATALA,5,2)
CALL TABLE? (2,XCP6,TXCP4,rMAC4.TMACH,15,3,b.0,TA1LA,S,L)
XCPSXLN.(XCP4,ACPS-XCP6) 87



I1I RE IUK N
END

* SUBRUUT1NL bOAlL (FMACNL)6UL)XL.bUU,CNA*XCPUU)
* COMPUTES (CNA) ANU (XCP) FUR CUNICAL bUATTAILS

REF. MICUiM WLP&URT NU. I(U.TMab8a5
61. w, U. oA5NINGION

INPUJTS
FMACH z FREE SIRLAM MACH NUktA
DBUD X DIAMETER RATIO (bUATIALL/CYLINL)
XLBJL 3 SUAIIAL. LENGTl1/C11L1NDER DIAMkTtk.
OUTPUT
CNA a u(JArTAIL NORMAL FURCk; CUt, bASLAJ UN CfkjINDk.R A8EA-1/HAL)
XCPOL3 a bWATTAIL CENTER OF PRE~kSSURHE, CALIBERS FROA LEADLNvG LDGkL
DIMENSION TFiACI1(l1),*rAcfrL(1i),TdETLI~1d) ,TCrvP(lIN)
DATA (TXCPLbI(I)p I.1,11)/.1.. 4,1b4b b8
+ .b35,,7/
DATA (IFOACH(I), 121,11) 1.0. .5,1.,l.bo.2.,2.5.3..3.5,4. ,4.~.,/
UATA (IbETLb(I)v IalI w.,.,n..7.b,2,.,.b b

DATA (TCNPR(I), Iul18j/.12O,.321225,.)3U..1

k$TsbSURT(AdS(I7MACH**-. ) )/ALdUD
iF(rhACH.LT.1.) 8FTLBw-dETL6
IF(bETLb.LE.b9J GO fU 10
wRITL (b,500) BETL.B
5UU FORMAT (1NU.'BL' :'F1O.2p5X,'UISIUE TABLE 5.of u.AST POINT uSLU')
BETLb36. 0
10 XI4ACI4UFMACH

* IF(FMACH.LEo.) GO TO 11
*KITE (b,501) FMACH *
501 tORMAT (1HU,'FMACH,l'IU.2,5X,'UUI'bIDE TABLE; 5.0, uASf PUINT USEu')
XMACH=5.O
11 CALL INTERkY (2.1 ,CNPH,TCNPR,biTLb,IbETL8i,18,2,MitA,MAXX)
CALL INTERP (2,1,XCPLB,iXCPLb,AMACh.TIMACH,11,2,MINAMAAX)
CMAB-CNPR*( I .DbOD**2)
XCPDDBXCPLB#ALBLJD

I RETURN

SUBROUTINE CRO6FLO(FmACHALPRE,O,LuQT.LUDN,NOSEACGCi%,CPXCPV)
CALCULATE VISCOUS COMPONENTS OF NORMAL FORCE AN~D PITCHIING; MOMENT

-"'SIG ALLEN#$ METHOD mITH MUDIFIED CDC CURVE.
FM4ACH a FREE STREAM MACH NUMBER.
ALP a ANG.LE oF ATTACK -DEG.
RE a FREE STREAM REYNOLDS NO. - I/FT.
D 8 CYLINDER DIAMETE - FT.
LOOT a TOTAL BODY LENGTH - CALIBERS.
LOON a NOSE LENGTH -CALIBERS*
NOSE a I OGIVE

a 2 CONE
XCG a CENTER Of GRAVITY - CALIBERS FROM NOSE.
OUTPUTS:

*CNV a VISCOUS COMPONENT oF NORMAL FURCE
CMv 2 VI3COUS COMPONENT or PITCHING MOMENT, ABOUT XCG,
XCpv 2 VISCOUS COMPONENT CENTER Of PRESSURE - CAL. FRUM NOSE*

1 CALIBER 18 1 CYLINDER DIAMETER (D)e
CNV AND CXV ARE BASED ON CYLINDER CROSS SECTIONAL AREA
AND DIAMETER,

DIMENSION TLOD(7) ,TEA0C7) TMNC22) ,TCDC(22) ,TMN2(6) ,TCDC2(6)

DATA TLOD O.,,5.vl,. IS.2,t30..4Q./
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DATA ILTAU .i ti b,*1,.b.8,.2
L)AIA IMN O,!,2.,,.,b.,$ b.994

DA 1.$, 1 I Ib, . I b . I , 31. 2, 1 .;?, 137,134

DATA IMN2/..1.,34.b
DATA rCL)C2 /*3Uv,31v, 4$, 72v.9bvl*28/

DLGa57,*29518
Plu.3. 14)69
SMALxal C~-30

IF (NUSIE.E0.1) GO TO 1b
CONt PLAN*UHR4 ARI.A AND CLNT(.J1U

AP1.(LuuN/2.)#4./Pl
X81z. 667 *LUL)N
GO T0is

UGIVE PLANFURM ARt.A AND) CENTNUID)
16 bk0hDLUON##2 + .25
XblzbS*LUDN
API&.2.*LODN*(bKUD-.5) + LUDk*SQHT(BROU*2LUDN**2 i
+ +8RUD**2*ASIN(LODN/RUiD)
AP13API*4./PI

ADD CIL11NDLKICAL~ AkT~kIODY
15 LoUA=LODT - LODN
AP2xLUDA*4,/PI
Xb2w,5*LODA
APUARCAI + API
XCPVw(X614AI + (LOON~ + At2)*APW)/APOJAk

MN=FMACH*S1N(ALP/DEG)
RkNL#D*SIN (ALP/DEGj
CALL INTERP (2*, CrAO,IETAU,L.UDT,TLUD,7,2,MIN,MAX)

RECR1Tu1 .EOS

IF (HIkN.LL*NECt(1T) GU fU 10
IF CMNGE.Q.5) GO To 10
CA66L INTERP (2,1 ,CDC. ?CUC2,MN.TMN2,6,2,AIN,mAX)
GO TO 11
t0 CALL iNTLRP C2,1,CDCTCDC,MN,TMN,22,2,Mt'i.4AX)
11 CNVxC)CEA*APOAR*SlN(ALP/DEG)**2
CMVIRCNV*( XCG*XCFV)
RETUkt4
END
SUBROUTINE CRUSFL1 (FMACHALPPLTNUSEXNOSC.XTOTXCGCN4,CMVXCPV)
CALCULATE VISCOUS COMPONLr4TS OF NORMAL FORCE AND PITCING MUMENT
USING CROSS FbOw DRAG M&.THOD OF PERINS AND JORG4NSEN.
INPUTS
rMACH a FREE. STREAM MACH NO.
ALP a ANGLE OF ATTACK - DEG@
LT a 1 LAMINAR BOUNDA4I bLeR

8 2 TURBULENT BOUNDARY LAVER.
magic a I OGZVE NOSE.

a a come most*
XNQ5E a NOSE LENGTH - CA61BERS
XbOT a TOTAL BODY 6LNf(iTH a CALIBERS
XcG x CENTER or GRAVITY - CALIBERS FROM NOSE
OUTPUT&$

cov a VISCOUS COMPONENT Of NORMAL6 FORCE 89I



c'4v a vISCUUS CUMPUNL1I-1 UiF PITCHING MOMENT
NOTLS:

I CALIlCht IS 1 CJL.LNWH VIAML.TkN (0.).
Chv A!40 CAWV AKE bASkL UN CILINDk CN0SS SkLCU1JNAUa AREA

DIXENbIUN LULr(21),TCUKL&J1J ,1'COHT(21)#,TMC(21), rCUCP(21)
DIMENSIUN oXLI)T.U1),AC()
WE1AL LM,LMUAN,MC

L)ATA IXOL'A /0. ,3,,.,b.,.A 910111

DATA TCUmL .,05 U~,1i,.5.3e312,.~1
9

+ 1 .ts,, *40,1 *30,1 *21,1 *14,1.# 1 .0o411 .00,.97,, Y4, *94/

DATA TCUHT ,0 0,eb 1,2,5,~,., 111

L)ATA EMC i(,1..*,4.,o.,*,91.,.,12

DATA TCLJCP #.,.W11,.,.b1i,15,17,.'

DAfA ILxQJ,.,.9l2,.91b,.ll9,.044,.',.d
DATA TIJMC/l0.2,441b,.420,.72

4 ,2b,.93U/

S,4ALLZ1 .Ew30
DEGa57,2957b
P123.14159
LAUAN=1 *0
IF (IMACH.LE.1.0) GO TO 11
IbUAN6bUH1 (Et ACh**2-I.*)/JXNOSk
IF. (NOSEIEO.2) t.0 Eu 10
'CALL INIEIRP (2,1,LAMOXN, ELMU,BUXN,TiBUXN,11 ,2,MIN,'MAA)

GO TU 11
.10 CALL iNrLNP (a,l,LmuA,LMC,OXN,18OXN,11,2,MINAAA)

11 LMLGXN*ANOSE
.. see..~oeee~e~eee*.* *as CALCU.JATI CDCP

CALL INTLRP (4,1,CDCP,ICD)CP.PqC,TMC,20,2,MIN,MAX)

suM"430.I
summao.
FNd 13.
FM 30.
Alms.
182
56 X20XI 4 *LgA
IF (X2.LEoXTOT) GO TO 54
X2=XTOT
XOLMMX2/Lm
If (LT.EU.*2) (;U TO bS
CALL INTERP (2,1,CDR2TCDRLALMTXOLM,21 ,2,MlN,MAX)
GO TU 51
55 CALL INTEKP (2,1 ,CVR2,TCDRiTAOLMTXULM,21,4,M1N#

4 AX)
GO 'EU 51
54 IF (iaToLQ92) GO TO 50
CDA28?CDRit(1)
GO TO 51
so CDR28TCDII?(l)

si t(2855
IP(AU.GL.ANOSL) GO TO 53
If (ML)5g.EQo2) GO TO 52
SZGRao25 + XNOSE**2 90



GO TO 53
52 x2t.xOS/2

53 FNzUCDKc2#R2
FM23~Iw* (XCG- it)
ouS(Fh2 + Fk1)*CX2.Xl)/4,
LUMS(F2 + FM1J9X2 Xi)/29
SURMSUMN + ON
SUmmusumm 4 UMt

FNI2UN2
FM1zFm2

IF (I.GT.21) J12
IF (X2*LT.XTUr) GO WU bb

CUNSTSCS ./P[ *CLJCP*SIN( ALPIVEG) '*2
C4~VxCUNST#SUMei
CMVBCUMST*SUNM
XCPVBXCG - CMV/(CNV +' SMALL,)
R ET U KN
END)
S.dRUUTINE ARAT(XMvCCRrX,XXu~b,oo*,o,A1A)
INIS UBROUTINC CALCULATE.S Thk, SHADED AREA RAI1J
FOR~ A900FING CARRIOVEN 'Oi*.. FINeS ARE CLOSE. TO BASE OF L$Uvf
FUR CkLIreDER OR 8OA2TAIL
X14 2 MACH NUMBER
CCR = FIN ROUI CHORD
xai 8 DISTANCE FRO% BASE OF MISSILLk TO FIN TRA1L.ING E.QGt,
XXLB x LENGTH Ut BOATJAIL
u(s 2 DIAMETER OF BASk.
U a DIAME.TER or cyLINLtH
AlA z SHADED AREA RATIO
PRUGHAM MODIFIEDL (9 VEC,71) 1U INCLUD)E FINS EXLA4UEU AFf BASk., 1AS

LFM"LE0a.0) 6~U TO 7
CRXCCR/D
XISXXl/v
XLBUXXLB/D

AnCR

IF(XL.LT. 0.0) CRzCRIXI
flV(XleLT9 090) XlsO0

XLCACR + 11 - LB
*UTASORT(XM*XM w 1.0)
TAmuml .0/BETA
TANTHuQ.Q

* Ir(LL.ePCQ.0) TAftTHB,5$(I.0-DB)/XL9
TA11D9(TANTH # TANMU)/(1&0-TAtiITANMU)
CIUsQRT(lo0 + XL.CMXLC
C28SQRTC1.0 + ((XLC + Xbb/(.5$Cl0 + DW)))**2)
CJSSQRT(1.o + (tANTHt + XI#Il.Q + TANTH**2)/Db)**A)

I?((X~e.GT.C3).ANw.CXM.LE.1.0m425)) Jul
IV(ANeGE.1.0),AND.CAM.Lt.C3)) J82

Sao0* 91



HuBb.TA '!

GO TU (4,5), J
2 b:1,0-LC/ErA

kI13b/(IAtNTm TANKU)
GO TU (4,S)v J
3 bzI,.0.'LC/bET'A

H13Z(Lb
GU TU (4 ,5j)p J
4 La1.Q-2.0*(XLI-ePl1*TA14TH
F=Ub)IX1* (ThNIM-fANTH)
I 2 aX

GO0 TU 6
5 Eal.U-2.04(XLbWXl)*rANfH
Fa0,
H ZaE/ (TA NTH. TA NT1)
GO TO 6

AIAZAI/A
7 RETURN

ENV
SU8HUUT1INE kEAL)A (LULRECL,HUL,,FL 1 O,LH,jA ,iEukFj

1'AP1UVEI) VkKS1UN OF FFKtEAU
BYt JeM, CHAF1N

DIMLNSION FURM(b) ,IBUF(13i) ,JtUF(%33) ,IUL(i ),FILU(1)
1060 FORMAT (132A1)
1260 FORMAT('(A1012,')')
1270 FURMAT('l',12,'A(A',12,')')
1200 FOkMAI(f(',12,'A4,A',I2. SI')

1290 FORMAT(' (' .2. 'X' ,li, A4,A' .12,') *)

1400 FORMAT( '(F' ,12s *.1)')

1600 k(JRMAK (1' .12,')')

READS ONE CARD IN FREE FIELD FORMAT (UP TO 132 CHARS)
ANY COMMENT CARDS ENCUUNTERL.( IN THE DATA D)ECK ARE
SKIPPEDi AND NOT INTERPRETED

ARGUMENTS ISINPUT

WU -- I a- LOGICAL UNIT NUMOER Of INPUT DEVICE
LAE9CL-- I meLOGICAL RECORD LENGTH IN CHARACTERS (13 4AX)
al ee 0 %m ILL CONTAIN HOLLERITHS FUUNI) ON RECORD (33 MAX)

flea * 0 *eWILL CONTAIN FLOATS FOUND ON RECORD
leN * 0 **NUMBER Of HOLLERITH$S ON RLCURD
LU 0 **NUMBER UF FLOATS ON RECORD
tOlT * 0 *0 RETURNEV IF NO END Of F11LE ENCOUNTERED.
COFT 0 1 RETURNED IF LND OF FILL ENCOUNTERED,

9FIElTIONS -w L1MITATIONS
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A *TkACAK* LTHANSI'ARENt CHANACTER) 1S A kbLANK, CU04MA OR SIGN
THE FULLU*ING ARE UEL.IMITEHS
- BEGIN UF CARl)
- kLNU UF CARD)

-A STRING CUNbirIft(. 
OF UNC UK MRE 

TRACANS

DLLIMITER,
EACH 1rEm wiLL bE INTERPNETLU AS EITHk IilLGEK, FLOAT, UR ULIA.RITH:
ANY ITEM STARTING W11'H + - * UK DIGIT hILL~ HE lNfERPRETEU AS
- INTEGER IF IT C'ONTAIN4S NU
- FLOAT IF IT CONTAINS ONE*
- HOLILERITH IF IT CONTAINS MUHL THAN ONE
ALL OTHER ITEMS *ILL Bt INTtRPKEIED AS HULLERLTHS

INITIALIZE COUNTS AND RLAU CARD

EOFFu0
1020 Ljkto

1021 REAV)(LU,l~b0,ENV=999) (IbUF(Il) ,lvLRECL)
IF(IOUF(l).EU.'C'.AND.IbuF(2).EQ.' ') 6O Tu 1021
ENCUVE(J9UF,l~bO) (IBUF(I) ,131,LRLCL)
1230

?IND 11 xFIRST COLUMN OF FIELD

1100 11312
1124) 11811+1
'IF (11.GT.LRECL) RETURN

IF (IAE().' '.UI(IX.LIJ,'.Uk#IX*LU.'u') Gu TO 1120

--------------------------------------------------------------

12311
1140 12a12+1
IF (12.GT.LRECL) GO TO IlbO

iF Cix.ml.' f.AftDIX.NE.,,fANDlX.NE.1u@) GO TO 1140
12812-1
GO TO 1160
1160 12sioRECL

1160 NXE11-1
1WuN1,621+
DO 1190 181,6
1190 FORMCZ) a,

£F(11.EaQ.~*t'.ONIX.CU.'c'.oI411,E.e') GO TO 1200
tF (1XqGtE.@'.AND*IX.LC,'90) GO TO 1200
90 TO 1240

COUNT Till DOTS

* 1200 NDOT580
DO 1220 1811612
Ir (lbUf(I)qt.ls#.) N0OT~sNPOTS.1

93



Iat) CUNIINUtL
IF(NUWTS-1) 1440,1340.1240

as. - ...................... -...-....... ....... --

IIOLLtKITH
- a a ---------- .........----.. aasa ---

12441 CUNTINUE
NF=I*/4
NP2I4AXU(1 ,mUV(li,4))
IF(Nk.EQ,0.AND.NX.EQ.0) ENCOIJE(fURM,12bU) NP
IF(Nk.tU.0,AND.NAGT,0) 1.r'CUE(FURM,127u) NX,NP
IF(Nk.GT.U.AN).IX.EQO) ENCOULEFUKM,12bo) NF,NP

IF('4UU(Iw,4) .G.i' .) NF=NF+1

LHlNaLtN F

DI:CODE(JbUI ,iURM) (HUL(I),LL1,LHN)
L Hz L fr+N F
GO TO 1100

FLIUA T
55555a aa ssa a- ssa as aas~s~s------------------s-- s-s----

1340 CONTINUE
IF(NX.EQO) ENCODE(FORA,14O0) 1w
IF(NX.GT.0) ENCUDE(FUHM, libO) NX#Iw
LFaLk'ti
VLCUL (JbUFFLHm.)FLU(LF)
Go Tu hluG

1440 CONTINUE
IFENA.EU.0) ENCODECFOHM,1500) In
IF(NX.GT.U) ENCUDE(FORM, 1460.) NAPIA
LF:Id ii
ULCOL (JdUFpFOHM) INT
FLO(L.F)zFL.UAT( INI)
GO TO 1100

IF END Or FILE ENCOUNTERE), SET k.UF:1

:V99 kUFFMI
RETURN
END
SUBROUTINE ROLL (BO,CRt.TR,iktUD~ .DREF,AREFCLP CLU)

SUBRUUTINE FOR CALCULATING ROLL DAMPING ANU ROLL AUMENI EFLCTIVEiESS.
THEOkY FROM NACA REPORT 1088.

ALL GEOMETRIC INPUTS MUST HAVE SAME SYSTEA OF UNITS.
i.E.. FT., IN*, CALIBERS, ETC.

B0 u Fit, CXPUSLD SEMI-SPAN
CR 8 FIN HOOT CHURD
TR x FIN TAPER RATIO,
RODOV RADIU3 OF BODY AT FIN
DREUS REFERENCE LENGTH
ARlm REFERENCE AREA

OUTPUT

CLP a RoLL DAMPING COmFiCIENT (BASED UN oREF $ ARer)
CLD a RU1L~ING MOMENT EFFECTIVI;NESS COEFF (OASED UN DRer S ARL?)

(FOUR FIN& DEFI#ECTED)
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UgEV:HtkECRNCC UIAMETER
L)INLNSIUM ILA)A(ll),rClAAA6.ljoICLL)AR(IlJ

UATA ICLUAI4/.25L,2*b, 2V~iOo2 ~l8.lt,.U44,.U14,,U/
CLPU.O
CLOmv. u

IF(ou..LU.Li.U) RETURN
SPAiwZ2.*80 + DbUDY
XLAWAjAzL)$UL)/SPAN

CALL I~fLRF U, I .CLPAR,ICLPAR,XAMDA,TLA4A,11,3,41N,,1A.)
CALL. INTk.Rk~ U. 1,CLUAi,TCL 1ARXLAMALAMDA, 11, 3,AIIN,SAX)
CLPx-CL'Ak.*AA
CLuxC L I)Ak* A

CLUzCLV*(SPAN/LF)*S/AlEF
RET URN
ENL)
SUtBRUUIINL FINGEOM (CRTR,BCJ.AREt'.SWTECT,ARSWLECBAR,
+ lA,XM,CENIAFAR, lAN6#8aHA)

FIN PANEL GEMETRY,

ALL (EUMEIRIC INPUTS MUST HAVE SAME SYS'IEM UF INPUISs
I.E., FT., IN., CALIbERS, ETC.
UUTPUTS *ILjL HAVE CUNSISIANX UNITS WITH IN4PUTS.

INb'uIS:

CH x RUUT CHURL)
III 9 TAPLR kAlU
bu a EXPOSED SEMI-SPAN
AREF a REFERENCE AREA
SITE a TRAILING EDGE SoLEPbACK ANGLE - UEG.

UUTPUT~s

CT a TIP CHORD
AR a ASPCCT RATIO (I1 FIN PANEL )

CSAME FOR 2 FINS JOINED, WITHOUT BUDY),
SOLE a LEADING EDGE SwEEP&dACK ANGLE - DEG@
CBAR m MEAN AERODYNAMIC CHORD / ROOT CHORD,
YBAR a SPANWISE LOCATION OF MeAoC. / EXPOSED SEAL-SPAN.
KM a DISTANCE FRODM L.E. CR TO I.,E. MAC.

Cta? a DISTANCE FROM L.E. CR TO CENTROID.
AFAR a AREA OF I FIN / ARLF.
?AuiL a TANGENT OF LLADING EDGE SWEEPBACK ANGE6
&UNGA a AID CHORD SwLEPBACK ANGLE - DEG*

NARES7,29570
A134.*BOi(CfASCI9eTR)+SMALL)
CsCR$STM
ArAnsRUCRSo*CIilR)/AREF/2.
?ANLaE(CR-CT)/(SUSMALL)+TAN(SWUL/RAD)
*WbESw(ATAN (TANL))*57o3
TAIH3TANLw.5#(CR-CT)/(bU*SMALi
&VNA8(ATAN(AH*) *57s3
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XUSloAR*'lANL~bU/ (CRSAIL

END
SJbiJUTIr~t 81AN62(HEI(tIT, UUURMP TtEMUNITS)

THIS bUbNUU41Nk 13 A U, S. STANDARCD 14001L ArM~sIPACRE, L9
PRLhPA.4L BY AMS'41-RST, 21 JULI 1907

THIS eiU~lNC IS VALID Mk.LU* 100,000 MEikS
LA1~cAPULATIUt 1S PkOVIDEJ AbUvk. 700,000 METERS

I nLIGH'I ALdTITUVE mF
4 WSUUNUL VELjUCITi UF SUUND N/SEC FT/SLC

4 P'k.SS IPKLSSURL KG/M2 Ld1S/fr2
!) ]EMP TkhNPERATUHL K. 3

a IUNITS al FUR ALINIC
82 FOR ENGLISHl

DI~K.NSION Z43 P(3 f(L3 Z(1).61),X(3
&)14LfSION HM(S) PBfrI(),RLd(8),BN(8) ,Tbh(B)
DATA "H/# 11.00 O00 32.0, 41.0s 52.U, 61.0, 79.V, db*743/
DATA Pfih/ IO331.9076, 2307.7398, 55g.2615, Ob.5096be 11.3081b,
1 D.Olblbi, 1.U5682, .105d1a/
uAIA KLHI -6.5, 0.0, 1.0, 2., 0.0, -2%0, -4.0, O.0/
DATA ttBH/ 0.0, 11.0, 20.0, 32., 47.0, 52.0, 61.0, 79.J/
DATA 7615/ 2U8.15, 216.65, 216.65p 22b.65, 270.65, 27u.65, 2b2.65,
L 180.65/

1 bUU,,700,/
DATA &'8/ .016162,. .0030fa61, .7499L.-3, .2571C-3# .6bot:4,
I .37b7E-4, 1476E-4, *Illoft-4p .7097b7E-5, .19ilC-S, .41U7lk-b#
2 .1117E-b, .35189-7/
DATA NL/ 3.0, S.0, 10.0, 20.0, 15.0, 10.0, 7.0, 5.0, 4.0, 3.3,
1 2.6, 1,.1. 191/
DATA ZO/ 90.0, 100.0, 110.0, 120.0, 150.0, 160.0, 170.0, 190.0.
1 230.0, 300.0, 400.0, 50U.0, b00.0/
DATA TO/ 190,65, 210,b5, 260.65, 360.65, 960.65, 111usbS, 1210.65,

1 I1360.6, 155U,65, 1830,65o 2160,65, 2420.b5, 2590.b/
DATA XXX/ 33.166119, 33,064396, 32,96512, 32.704318, 32.530427,
1 329455229t 32,3094431 32,016142, J1,492584, 30,704189,
1 29.809321, 2b,937691, 26,123252/
DATA AA,BS,CC,DlD,EL/
I I .5731262L-7,4656553L.14,3.86670541-21 ,6.ObJlIS4E.28,
2 9.5013649L-35/

ses;ss~sssss~ssss;ssssesss*0 - 90,000.

IF (NM.1GHT*LT.IJ.0001) HEIGIT0
H 6 HEIGHT
1F(IUMITS .141. 1) H4 3 3049

11CZ .GT, 90,0) GO TO 140
Ht a (H4 - AA*H**2 +* SSSH#3 -CC*I4**4 + 01)9146*5 C EW0*6) * 001

00 550 le1#$
ZIP(" * ""(I1)) 551,551,550
550 CUNTINUC
60 TO 140
551 Z(1N2.W.1W5)AOC.ES)GO TO 120
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Go To 130
121J 7L"PuTbHUl) + (H-I18h(I))*R6H(I)

Pkk.Sb3avm1)(TaI1)/TCA)VfEP
1it) RhL- a fPiRCsblC29aJb94bTAPi

Vb~lh a20.t)4b333*TLM'P*#U~b
GO Tu bo

****** ~s.#..~.***#**##*.*#~90,00u,1 100, 000.

140 Ll a nEIGHl

Z bLTQ~k.N VOUUU* A4 AND) 170000. A
AM 3 (((((Uo141wbbU09L-41#Z1 -0911145kl4-1)'S1
I *$j.ib9l014lbkL16) *ZI -U.bUbbb41iE-l1)#Z1
2 *Uobb?,2jlb63-w) 4 ZI -0.21b30035bL-1)*Z1
3 +597b957l9lE44
G.u To 150
Z (KLATLR ThAN 11P0U.'
142 Am a (((((.1w0554E-3J9Z1 wi.42910ikLw27)
1 Z143.H1S Vb9E-21)*ZI -2.U402054L-Ib)

4 *4Z1 *b.642l141E-10)*Z1 -1.0700489L-.4)

150 0 4$U0450,500
500 CUNTINUE

*H4ITk. (6,290)
290 I'UNP'AT(30i1 ALT? .GT 100000.0 M,..STA~ol)
1213
450 TmuTd(l) + (Z6WC(LJ)*Hi6(J
JEMP. £m#XM/24,Vb4
LPxAAA(I)/ItLCJ

RHU a PRESS/(2V926945*TM)
VSUUNU a (401*9U4b7 * Tm) *$ 0.5
460 MI(UNIS .LQ* 1) Gu Tu 999
VSUUN) a WSOUr.O * 3,2800333
RHO a RHO $ 9194032Lo2
FRE[b I36 PRESS * .20402
TEMP 8 TEMP 4 1.8
999 RLTURN
END
SUSRUUrIML BIT CXM,ARTR,SWEEPoCLA,XCI'CS)
TAKEN. VROM THE BRITISH DAtA $MEET&Sa6.1.03.06

3601603.04

S.01.03.03
8.03.01.02

AR a F;RLb STREAM MACHI NO,
AR E ASPECT RATIO (TWO WINGS JOINED WITHOUT bUDY)
TR a TAPER RATIO
SV9CP 8 WING 410-CHORD SwEPACK ANGLE (DlEG)
C16A a LIFT COItF?. 6LOPt, BASED OIN EXPOSED almG AREA 1/KAL'.
XCPCb a CEN4TER or PRESSURE (PLRCLUT MEAN GEONETEHIC CHURD)l

MCASURED FRUM LECADING EDGE PEAN GEUMETCRIC CHORD*
DIAMSION X11(15) ,Enl(7)PZTI(4)PXT2CS).T?2(S)PZT2(4),IT14(7i
DIMENSION aARI(5,7t4Jp UARCS.54),IAR3(1S.7,4),IAR4(W, 1,4)
DATA A10,51u.,.253,.,.455,.,.b5 .
DA2A !T/0.v,.2,#J.,4..S..6&
DATA T/..5.1/
DATA XT2/0vslelo#3&v4o#5op6o#7s/

97



JAIA U/.1..J,.

DATA 1140*v,1.,4,J9#49o59ob./
DATA 4L2/0.,.4bp.5.lol
UATA t(A11Jg..S,~.3.JK12

5.61P .64, b9,, 90, db, b bb, *83, l.4U U.7 1, *74UW,1.I , .93 eb ,.

9,~~13 io! b, .1Ftoeb#Ib I, I b, 1,1, 1.20b,11, 1,0!)ovd .4b, .07, okW9,
19769 .14# 11, bo, 03,2, ,19,1. 2,11),b, 9,,9, 9U# d!ti, 05, .9,

1,. 14,1 , .6b, .,b , 1 *5, 1.42# .9b,.2, 81.1.o 1toit 0740 .91 .Woa 2b

14,. ~O, b7, bb, .79,1.U,.O lb, .73 01, o7,v 8sbp .$bbpW *4 0132F &boo 1b.

3.kl 1, .82,.7b1, .14, 970, ebb, .63, 1 .26, 1,20,1.13, 1.0b, 1,01. *')at 090,a b

*b.bU,.5V, 90,.01, .84,til, .79, @7b# *730 w7l p .bd, ebb v o04, eb2p 959t *57v

* ~~ wlb,15,l4513 ,21,.,13 ,91 , t4.175,.74,.27,IJptb,.t10,

1b,.i,1.b,1.4W,1~.30,72,.0,U,.5,.WW,.284,olW,.1i,.9,.b,
724o3,.61771.2,11,13,10~, .0 2 ,21.58, .21 .7,. 13, .9, .247b,

4.b8Ao,.9..W,.J,.77,.I4,12,13 W,.t0,.b2,0,1j.19.0.b.4
2 7,.4.U,.b,.03,o263,.b27,.b,9.90.,93,.65,.162,.SUv/
DATA (WCAR (#,~lll~oa,)K 2 /
A .46, .20,1276..275,.274,1273,.o2,.26W,.3U0,db

lo77W,.1,,65.b,446,.405,.lo3,.b,.3,34,.302,.00,.2,
3.410,.39b,.3WJ,.375,.37Jl,.1, o55,.1,.22 ,240..247 ,u.45,12bU,
'l44l2..266,.261,.2b72j,.67,.62b75,26,.3$0,.32,.35,.49,2d3

5.2W2,.2*2,.282,.9S,.i9s,.J30,.35,7064,29s,a95.2931.0,.3,

6.iblS.34,.326.i15..3f7,.303..OflQ0..J5.26,.31,4435,.4~*bp,47
1.2o,11,.11.25,443.25,24,.4S.24,.d6.47,24,987



50b, s .91l, .05pb,.4, b Ib,. I w,.13, 90 v 979o e.lbo .7d, a 7d, 7 19 ,'7,1d,

LIAIA .(A4(.JKz,6,s,),s,)I

91, 7 5 *~~ 1 .1, 1.64d, 1 91*oIU, 9 0, adb 1.3, 714o, o043, bJ,

2043 OO a9a boo ,127, 1,309, 13, 195 .9w, 1 .o 19v 172 .665, 1*V)e, ad 1, 535,

b e15, .75b,,76, 77,o74,e72/
UAIA bAh4/ .0,.6,.0,.6,47,49,.u,.. j,

5.405#, .470, .47ue .405 s.4W, o~s0, 425, 4*,.4 5,*4/,e47, 5 *19, .3%1,

b.39U35.43145,.470,.417,.497,.400,.43,.423,.4b5,.445,.493,.49w,

@#4Vv,.493,*49bv*49S/11.lJb.5,41,44.$,,5aS
1.X u .86 .15 .80 .86 .b5 .85 .05 .66 .00 .3* .o6 .11
T.510,.50SEIb,2Yb7@ 6.47.U1.4,b7.30.2,3O

40ZUT,.4,.4H 45 43 49,.5..9,.10 40 40 45

trtAGO4gTCARA( (6019)1

IAL CAWE (2,CL3 AR,CAR ,AAlltI,15,3,Ibt1,7 * 3,,TI .4.3),
* icf%.G7.b.J ORIIC (b,901) I

CA~lo ?AdLLJ (2,ZCPCB,bAAtXT2,WJY ,U2,5,3,ZZT2,4,3j
C16A8CLA*AW

900 FOMA (9vClAO~lNRQIR~ 1HVLA2F~4
91 FOAL.TA8.. C*,CL.ANSA3.AXT1.1S.3,Y.XTv I,1IS* r4)

902 FORMAT CIA.'IXTRAPUI.ATION RI.QUZRLLD TAPER HA?1,J a lt10.4J
END
SUBRUU(MI MCDbLV? (FRACNAReCLA)
FIN NUHMALs FORCP FROM NACA RbPI. 1253 (MCDEVITT)
AICTANGUI.AR UNGY

DATA (IFACHII~ii Zu1.*) /O.,S.,.1
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DAIA (1AR(L2,1317 ~"~
D61A TCL.A /.O,.O14, .U49,.Oe,.u49,.U63, .U75,
+ U(.oo04,eO29poV4,.049,,063,,0)75#,O,,UI4, .U9, .041, .U'31*Ubl,*Uibt

CAL6 IAIbL&L2 t~ EACLA.Afr ?AR, 1.2,tIACH,TFM.ACtipbo.2)
CLA=CLA*b67 3

ENO
3UbKuUT1NL FACI'Ux( C W.IbbC.oAN.L.*LT~fbT,bT, tRr,)LdACPI,
C ALV31A,XL#Fibo)
DIALNfS1ON LM4
DLEmA0INAfIUN UP TAIL INTk.KFEMECEk FACTUR (1) bY STRIP fCntAUI
AND 4LNODa BUUI~ THEORY FI4OW NACA 1307 - APPE.NIX 6
US I 1IS INt LAUALION 05S) AU CALCULAIL
LIFT Ut, LAIL SLCTIUN DUE rU .I'N. VURI~TCL,
*ING v~JklA L.A1~.AL PUSITIU14 IS SET Al *7Y54 kS~t EoUArIJN J9)
8u* x k.APrUSmLJ Sk.MI-SPAN UP oItN.
Rao a HAUIUS UF BUOY1 AT hIN6
Cho ROUT ChURD UF WING
AM% a U1STANL FRUM OING Lb.AU,1rG LOGL TU swING 1ING6 LISNE
XI. 8 UIIANL. FROM NUS k UP UU1 TU wING LEAUI.it; COLGE
UtOi.TP x *ING ULYLFCUN ANGLt I(SEE PAGE 11) -*
: 0su) a LAU6 SEMI-SP'AN LA' LAIL
R81 a kAuIuS OF BODY AT TAIL
LRI u TAPER RATIO OF LAIL (Cf/CI()
ALI a UISTANCL FROM NUSLj OF bO0DY TO TAIL LEAO1NG EUlGt
ACPI X CENZER UF PWLSS~URk. OF 1AIL C LASUREL) FkU4 L.EAULita t;O(;t. UP

NUUT CHORD)
ALP~HA a ANULF. Of ATTACK - DiEG
xi a TAIL INTLRFERCNCE FACTOR
FoSs a RALIO OF VORTEX LATERAL PUSITIuN TU oING CAPU'SE0 aE41-SPAN

imLASURLD 914OU4 BOY SURFACL.)
f"i a SPANW13L L.OCATION U Ik*N6 VORTE.X LFHOM bIU01 Cms(KLINk.)
FT R SPANWISI; LOCATION OF wIN4. VUIUK1. AT TAIL FIN bfA11U14
111 a "EIGHT Or wING VuUA AbUVE TAIL FIIN suArium
H4? a L00ATIION 41, PAGEik 13
RADAbi .295 Pb
P183e14159
tHla-CRW-Xw)NDCIND).(a/ALT+XCALT+XCPsmCkw)*SINAPiA/KNUJ

C2a1 .*ROSi*42
C3uI .-ROSw$*2

~+
.F~mWafbw+W9 bT

SSSUT+Rb?

MSSwI/s

NSISHS*S**).fpS92 *i95*4)

so TLC1)attl.O.RS'TMT)-F8'Cl.O.TRT))(2O*1.oeRS.)))
TLC1aJ~j*LOGCH~S2+ (V5.1.O)S$3)1(HS$*2 + cr-Rs)*23)

I£U'S*co9o GU TO 61

SI lot +
G0 OD(3OS55,5I
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bW fai
GO TL. du
Si FSNFSI
K38"61I
GO TL. do
84 Fba.FSI
GO TOdo
85 Aiau.U/0(1.u + XE)(bIT()T.3,L4)
I1UAN,

END
SUbNiJUTINE FNCkUS (FMACHAR(,Clj
THIS 5UdROUTINL CALjCULA1I~b THE CUEFF. UtF AUN-LILN.AN C~i~ri4LbULIUN
TO i61Ir, Cl.
TAIKLN FR4OM A PAVkh PkILbLNTLO AT Tti1' SIAlil U, 6, OAVAL SiPUSUIM
ON AELi~bALLISEICS, I NUV 19b3.
AUT"Uh. A, F. LAMPRUS

NOTE: TIlS II4EURY IS VAaADU UN1IY FUR SUBSONIC FLbJae
(C1) IS REDUCED QUADI4ATICAL WITH MACH NUMBER
bLIUND MACHI 1.0. THIS 16 AN AKO1TlcAKV FIX IU SMOOT(H
TME TI4ANSITLUN INTU SUPERSONIC F6UW.

DIMENSION lCit1u).EAR1.1O)
DAIA(CtI II 0/.,.5.b,.,.537.S.5a*1 /
DATA (TARIMPI la131,1) O.51,.2,*.3.4..b/
CALL ITERP (2, 1,C1,TCI,AkTAR1,1U,3,PN,4AX)
CluCl#'OuvI
It' (V0ACH*G(TelvJ C1uCliFMACH*#4
RELUlkh
ELNV

SUbiul.jllNI VURTk.A (BUWKBWCRW,Xh",XLwDELTW,Phl4AAI,btf.bT.
1IH1,XLT,ACPT,PhIAlT,ALPA,CLAw,CLAT,W,BCulH,Itvio)

I~TIS SUBRUUTItJE CALC. LIFTi ON TAIL SECTION UUE TO OING VUkrlCbs*
'AMIL METHOD OUTLINED IN NACA 1301 IS UbLU.

APPLUIA 15 U3ED FUR THL TAIL INTLNFEHLNCE FACTOR' (I)e
INLiL&'ENUENT ROLL ANGLES OF PING AND TAIL ARE ALLU"U;L
THE SuvI(OUTINE ACCOUNtb FUR MULL, ANGLES BY ADJUSTING tiE kiEUMCTkY
AND TAKING COMPONENTS IN THL~ PITCHI PLANE,
THL FINAL ANSPRE~ (ChMV 1S VECTORED IN IHE ANGLE Or AlfACK PLANE
(Iwo Prch PLANI.) ftEGARULk.S3 OF WING LIii TAIL PULL ANGLES*
Ho* s LXPUSLJ StMI-SPAN OF WING
RON a RADIUS UF BODV AT WING
cow a ROOT CHURD or WING
XHw 8 DISTANCE FROM WING LEADIN6 LOGE TU WING ?IINGE 6INE
xL.u a DISTANCE FROM NOSE 01' BODY TO WING LEADING EDGE

* DLGw a WING DELFE.CTION ANGLE (SEE PAGE 11) - DEG
PHIw 0 ROLL AxGLjE Or WING FROM VERTICAL (DEG),
AWAR a RATIO Uf WING AIIEACINW ING$) TO REFERENCE AREA,
D O? a EXPOSED SEMI-SPAN 0UP TAIL
RBI a RADIUS Ur BODY AT LAIL
INT a TAPER RATIO OF TAILL (CT/CR)
Xb? a DISTANCS FROM NOSE Of BOUT TO TAIL LEADING EDGE
XCPT a CENTER OF PRESSURE OF TAIL, (MEASURED FROM LEADImG EDGE Of

1400? CHORD)
PHI? a ROLL ANGL Of TAIL FROM VERTICAL (DEG).
ART a ASPECT RATIO OF TAIL (TwO TAILS JOINED WITHUUT dUDYJ.
ALPHA a ANGLE OF ATTACK w DEG
CLAN 8 LIFT COLFFICIENI SLOPE OF NINGo BASED ON WING AREA (1/1tAU)
CbAT a LIFT CuEFFIciEN? SLOPE OF TAlL, BASED ON TAIL AREA (ItRAU)
bKwh a UPWASH IN19RFCRKNCL FACTOR FOR SING, DUE lU A6P4A,
SKWS a UPWAGH INTERFCNENCI FACTOR FOR WINGe DUE TO 0EL?..

&KE MACA 14970 PAGE 49v FUR SKONS AND &Kobe
C16IV S Lft COIFFICIENT ON TAIL. SECTION DUE TO WING VORTICES,
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ca~bti UN K~.tEI&NC. AKLA.
ufg.IuRW viii' (CLIV) SU1ML~U tURI ALL CAbtS. (e.ACtI *Lrd

X1 x IAIL INUkRFEI4EhLL tACTO~e (Ut *1ING ACII4( Jm J3w IAIB.)
VwSa a RAtLU~ UF VOR~TEX iLATLNIAL PUSil1UN~ TU *IP4G EXPLU SEMI-SPAN

CmEASUktU . W 13404 0 bUI?ACL)

NdU, UF' OiNG VuHWk.A AiKU LAIL$

1 IF(IPhluinVU. ivied

GU Tu 3
12 VUR194

PHwihtj(.j)xPIYwimKU.)IA

iPHmIi(4)=LPN1.42?0.)/4AU 1

GO TU 6
5 NTAILU2

PHTALdi )xUPIITHAI/RA

6 CONNUE , t
WING VUNT~tA PUS11IUN

R0Swm14wu/(R~wIdUW)

)oU iIQ Kxl,NVUKI

COPPIWCUS(PHa1NUMI)

I SAU31INALPMA/AD)l
C *FWSCOPWW+(XL?,ZXCPT-Abw.CIIW)#SIALP
IFT(VK)3F*5IP~w4ICRweXHW )5SIDw*CUPN*1PW/ABS(51PHW)
PM1SATAt.N( )/0tTK))

9 PHlV(K)w).*PI/2.-PHl
to RV(IOSSQRT(FT(K)'S3 + 1I?(IO**2)

CAL.C9 ZAAiI NTLRUC14 FACTUR

DO 15 laslea
00 11 is1.hTAI&
DO 11 VKu1,bYUR?
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H51a~nH54#4),h&&9#2 * H/h*4

C -A1Aio((Fb-KbJ/Hb)))

12 hba3Ksi
X6 alLi5.)
XL.ZM BTL(2)

o Rk.N. ...... se....o... .... *.. CALJCU6AfkL C61
GAAObW3(bK*(AbaPHA/kAO )#AMS(SIN(Ph lN((K)))+S*loiLrw/A)

CLPANTaXI*CLAI'AbSL3INCP1AlIj))) *bUT#GAAMJSV('i4A(LJ
CLT~sCLVI4JPAC1
11 CLJN'JtUk
DU~ IS J21.NTAIL
13 HTAIL(J)I'I-PHTA~IL(i)
DU 14 KmlNVORX

14 VHIV(K)m2**P1-PHIV(K)
Is CONTINUE
RETURN
END
SUwiNUUTINE INT8ia (N,FMACIII&2A# om,kb#CH,TRpBU,AR#CLA*

wiNG-80DY AND I'AIbP-SULJX INT~kkEftCk: FACTUkS FROM Ct4AkIS 1,4,5

:ACA 1307
a31 AtTLRBOL)E
a 2C NU AFTLRBU

FNAC x RLLSIRCAM MACH NUMbER
.?A a SUbSUNIC ON SUPLOSUNIC bLTA
biG a OETA * COTANGENI uF LLADING-LD16L SwELP AImIJE
Rb a RADIUS UF BUDW
CR a RUfT CNIJRD
Tk a TAPER RATIO (Cf/CR)
bO a EXPOSED SERI-SPAN
AR a EAP0SFL) ASPECT R~ATIO
CLA a LIFT CULFFICIENT SLGb'E (PER RADIAN) -bASIL) UN 4ING UR

TAIL EXPOSED AREA (2 PANELS)
8KWS a 91G MK WING-BODY INTERFERENCE (CHART 1)
BKb" 0 b!(Q MK BOOK-WING INrCRFELRENCC (CHARTS 1# 4v 5)
SRO& a SMALL~ (K) wiNG-BODY 1NTIERI4C (CHART 1)
SK8% a SMALL (K) BUOY-WZNG IbTSI4tERLNCX (CHART 1)

UXTA (TeKWSII)p iul,11)/

DATA SBW1,111)

DATA (TSAWD(I)p lal,11)/
X 1.0, .9b3, 943. .935. .~93 93, 944. 95S,.970, 965,1.0/
DATA (TSKUNCI), 181011)1

DATA (RSIIl1I

DATA (TBIIC(I)p 1.1,1)l .1..b,1.0#o,4#2*O,2*U,4EJ/

DATA (T9P(i)# &all&$)/ 1.,)4,56..W.9
X 1.U,1.2,1.b,2.0,3.OQ4.0,7.O.IQ0,99,9999E+3iO
DATA (TBAMe) 131,03 .2,.4.4,.S.1.O2O.4tJ,999999CtJO/
DAfA T~bBC1
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X *D331, 93490# lbbb5, .2334, .2J32, .W3i, .133,
X 1.45, b8b3t .bbbip .5V9, .4VU9, .4332, .399o,
A 1-006, 1.4b, 1,05, .9SJ. U8163, .6831, .11J31,
X g.3340 1.060,o 193990 1,25. 1.0099, .9496, .84910
X 2.w49, i.o~lti 1.149# 1,549# 1936b, 19199, I.ubp
A 3.d49 d.310, 2,016# 1.8106 19633# 194boo 1.2J$,

A .sbo1, 29b3i, 2.2oo, .obb,18 3, 1,433,

X ..b98, ;t.884 2,499# 2.460, 4.0, 1,799, 1.bbb, *
A4ed1b, J.149, 2,71b, 2.46b, ie.19Y, 1.9ob, 1.733,

X 4.415, 3.31to, 2,882, 2,599, 1,332, 2,003, 1.834.
A -0.781, 3.616, 3.149, J.866. 2.51b, 2,249, 2.ulbe
A '#.Idlf 3990# 3.615o 3.216, 2.849, d.5lb, 2.d34,
A to.515, 4.i14be 3,749o 3,432, 3,Ub2, 2.732, 2.384.
X *V14# 4obbbe 4.132 . 7.90 p 3.399, 3.049, 2 beJ v
A O.414, 4,916, 0,3S2, 4.U15, 3.632, 3.232# 2.868,
A a.b47, b.266, 4.,I 4,315p 3.b9d, 3.4911, 3.U82,
X b.b64, 5.431, 4. V4tl 4.4b5, 4,U48, 3.b32, 3.215,
A 7..93, 5.V40, 5.231, 4.k831, 4.365, 3.932i, 3.48l/
LIATA TKbwCN/
A o9b53, 95442# .3b8b, .2b32, .1755, .1229, .0017,
A 1.b6, 1.14v .737, o64bp *3, .24b, *17b,
X 2.b97, 1.509, 1,017, 7137,945be 351t .281,
X 3.123, 1.112t 1.116, .b4, .544, .439* A31b,
A ..o5, 2.264, 1,451, 1,053, .bV4, .544, .3bb,
X 4.5b, 2.861, 1.b42, 1.31b, 9642o *600, .491,
X 59241# 3.281, 2,009, 1.501, 1.000, .709, .544,
X 6.101, 3.879, 2.51, 1.772, 1.193, .912, b64V/
H0&EK6/(Rb4+ W0
IfFAiACh9Lk.1IUJ GO TO I
lF(bA.GT.99v9999hLq30) bM&99,9999L+3u
CON~bLTA*AR*(1.U + Tk)*(.D + 1.0/ BM)
It(CUh.LL.4,0) GO TLO I
bHC92.U*bETA*Rb/CR
IF(ORCoGT.4.0J 6ICB4.U
CUft2abEACLA(iI + 1.QJ*(1.0/iO6 - 1.0)
LF(h.GT.1) GO WU 3
CALL, TAbLk2 (2,ANR,Th~wC,OkC,TBRC,7,3,M,Tb4, 18,3)
I 8KdfxAllH/CON2
GO 10 4
3 CALL TAbLt;2 (2,ANK,TKbWCN,BRC,IBICN,7,3,bm,rBMN,d,3)
bK#8m3ANR/CUN2
GO TO 4
1 CALL INTUP (2, 1,WKbwTSKBWKOS,TROS,11 ,3,MlNMAX)
4 CALL INTERF (2,1,6K*,TbIKWM,108,TkLS,11,3,N4MAX)
CALL INTLRP (2, 1,$KS8,TSKSW,ROS,TROS*, 3,MIN,MAX)
CALL INT&RP (j,1,SKW8,TSKwB,RO5,TIR06,11,3,M1NNAA)
Rk.TURN
END
,SUANUUTINE INTERP (IATKP,LM?,IVF,XXT,NX,NPAMINZMAXX)

TA916. L60OK-UP ROUTINE FOR 1 INDEN)LjT VARIABLE
NITIH SIMPLog INTURPOLAM1N OR EXTRAPOLAT ION,

IXTRV 2 1 EXTRAPOLATE IF NECESSARY,
IMPE. 8 2 EXTRAPOLATION NOT ALL6OWED. TAKE THE LAS?(OR FIRST) POINT.
LOT a 1 PROGRAPNIIL DETERAINE SUBSCRIPT RANGE ('41NX fUL MAXX)o
LO? 8 2 PRUGRAM ASBUMS THAT MINX AND MAXX SUBSCRIPT& ARC KNOWN.
I ANSWR UR DEPENDENT VARlAOLE CORtRESPONDING TO INPUT (i
it TA&BLE Of DEPENDENT VARIABLES8 CORRESPONDING TO XT,
x ARGUMENT OR INDEPENDENT VARIABLE FOR WHICH ANSWER (1) WILL

OL. DETERN&D.
XT TABLE9 OF £wpg.'EhUkf. VARIiBL.
Nx NUMBER OrF POINTS IN XT,!?
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NPA NUMbk Of PUIftJb 1U *bL UbkLii FUJ% 1i.Ckb'ULAfIUt.
MINA minimum Al subckip usEI) rOR INTEkPULAflUN,
PAXA MAXIOUM XT SU66CKIPT USLO FOR INTkENPULATIUNe

DIMENSION ATtNX),YT(NXJ
IF (IATRPLU.1J GO TO 140
tuuIfi)

IF(X...ULfkhX)J RLTURN
140 IFL.MI.LU.2) GO TU 130
CALLS ADImIT (A#XAINA.NPAmINA.,mAAX)
130 Vall(MINA)I
1F(MlNX.,U.MAAAX) KLIURN

t)U 140 JamINA.mAXA
pal,
DL.U JS lmNNAMAXA
IFCILQJJ) 6O 10 110
&'3v*(x.Af(I))/kxI~J)"xT(I))
110 CONTINUE

I UUye # wT(j)*&p
RETURN
k.ND
SUBRUTINE TAOLLI (IXTHP.wWWvEAAT.NX,NPX,Y. YT,rXitNPX

TABLEL LOOK-UP KUUTINC FUR 2 INDEPENDENT VAkIAbLLkSo
IATNI' a 1 EXTRAPOLATE It NLCLOSARY.
IXTAP a 2 LXTRAIPULAIIUN NUT ALLOWED, TAA~E THE LASfIUR ?'I~bT) PuiNr,

8 ASW~k*(D&PLNULNT VARIABLE CURkLSPONDING TO INPUfS Xvi)
a? TAbLE uf DEPENDENT vAkIbALL CokRESPUNL)ING TU AX'Y

A T(I.J) INCREMENT SUeSCRIPTs LWT TO RIGI4E WHNM LOUADING
1A a THL ARGUMENT UR INDEPENDENT YAkIABLE X

Al B TA5ILE Ut INL'LP9 A VALJUES (PUbI bk. IN lidCNLASIN. UNLKE)
NA a NUMBER Ur POINTS IN XT
NPA a NUMBI.R Ut POINTS Tu USC FOR A INTr.RPOLAIUM
1 8 ?HE AN4iUMENT ON INUEP4NDENT VARIABLE I
IT a TABLE Ut INOEP. I VALUES (MUST 8L. IN INCHEAS1i6 ONUEN)
my a NUMBER Or POINTS In IT
NPI a NUMBER OIf POINTS TO USE FOR I INTERPULAIIUN

LIMINSION AT(NAJ.!T(NV),WTCNX.N%)v 8(20)
CAL. LIMI1T (YTVt,ftVNPV.MINvMAAv)
CALL LIMIT (XX,A,NPAMINXtMAXA)
00 42 JUNZNX,MAAX
CA1L1. INTk;RP (IATRP,2,BtJ) ,w?(1J) ,A,XTNA,NPXMINAM4AXXJ
42 CONTINUL
CALL1 IN'IERP CIXIRP,2,WB, V * TtNX NPVoM1NK ,MAXY)

END
SUBROUTINE TABLIJ (IXTRPW 9W?,XXTNX,NPX*,T,NK ,NPV,ZDZ1,NZNPZ)

TABLE LOOK-UP ROJUTINE FOR 3 INDLPLNDI;NT VARIABLS.
IXTRP a I EXTRAPOLATE If NECESSARY*
IXTAP a 2 EXTRAPOLATION NOT ALLOWED. TAKE THE LASTcoK rIRST) POINT.
a b ANSUER,(DEPLNDENT VARIABLE CORRESPONDING rO INPUT& Xv,Z)
OT a TABLEF Ot DEPEN4DENT VANIBAGE CORRESPONDING TO XT,,XrZT

PTI,JoR) ICRLAMINT ',UBSCRIPS LEFT TO RIGHT OMEN LIJADING
x a TNL AR416-ENT OR 4ULP40UEftT VARIAbLE X
XT x MbLL W.Y m't1 A VALUES (MUST bE IN INCREASING ORDER)
NA a NUMBER Or ;-JINTS IN AT
NVA a NUMOLR Of POLNTS TO USE FUR X INTERPOLATION
I a THE ARliUMENT O2 IftDEPCNDENT VARIABLE V
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ti lLt UP 1INkU&'. I VAiLUkS (M~ibT bk. IN INCK ASILi, UmKLk)
NY a hUMbkR Uf POINIS IN IT
NPI a NUMbLA OF POINTS lu USI. FUR V INT~kPULAriuN
7. a LHL~ AaKaUMLNI UK IMULkPENOLNT VAh(IAIBL. Z
ZT a TAbLk. Uf INDkLP. Z VALULS (MUST BE IN IlCKLAbIAG UROIK)

%L 'iUl~bN UP' FUIt4&S Iy 161

p hpi a NU46 R UV PUINfS Lu USE tUk Z INTERPULA IUN

41L~WN61us AT(NXJVT(NI),ZU(NS).WT(NXNINZ), b(TJU) ,A(10)
CALL L.114I1 (Z,51 ,NZ. NPS,MINZpAAXZ)
CALLJ LIMIT (YYTt,NYNPY,MINV,MAXI)
CALL LIlI (XAI.NX.NPA,MIhA,MAAX)
LiD 41 R2MIwL,MAAZ
D0 42 jZmIhIMAAI
CALL IrmTEiW(A 2k()R1I.JF XX t4,PINAA
4;9 CLJNEINUE
CALL INILI IXPJ.(. bX iNPXMNAK
41 CONTiNUE
CALL INThRP (IAERP,4.w.A,4.,ZNZNPZ'WINZ.MAXe)

bUbNUUTINE LIMll (XfXToNAft.P AINXMAXA)
IMIS bUIbKUAIN6 WILL F.LNI ITk. MINIMUM ANiD MAXIMUM SUdbCHIPTS
(ON RAN4GL) Iii BE CUNSIUkaLE VON INTLkPULAIIUN.
VIiENSIUN AT(tWA)

IF(NPX.GIftA) NeXaNX
DUi 95 Ixj,hA
IF(X'1(I)-X) 25,2,221

25 CUNIINUE
LGxEATR IMI AN NAA SutdSCKIP'I

'K1jNA-px*
RETuHN

.... WITHIN RANGE

21 MIXNX-P/2

IF(MAXXGTqNX)(6U TO 24

LESS THAN MIN SUBSCRIPT

AAAXUNPX

*eg@Oe@SOOOee.g.@e@S~e...SS NU LNTEI4P NE.CESSARY

1AAXIl
RETURN
END)
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